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The  Sound  Track  was  launched  in  the  midst  of  World  War  II  as  the 
answer  to  a  problem  which  had  arisen  at  that  time. 

With  the  outbreak  of  the  War,  virtually  all  equipment  manufacturers 
devoted  their  entire  production  to  turning  out  the  tools  of  war.  Those 
theatres  with  equipment  which  was  outmoded  and  on  the  point  of  replace- 
ment found  themselves  faced  with  the  necessity  of  struggling  along  with 
what  they  had  over  the  next  several  years. 

To  make  a  bad  situation  worse,  the  armed  forces  had  called  many  of  the 
experienced  projectionists  and  theatre  managers  of  the  country,  so  that  it 
was  necessary  to  fill  their  places  with  untrained  and  hastily  recruited  men 
and  women.  This  combination  of  equipment  on  the  point  of  collapse  and 
of  untrained  projectionists  in  the  booth  threatened  to  bring  about  the  closing 
of  many  theatres. 

The  Motiograph  theatre  equipment  dealers  and  the  Motiograph  Company 
decided  that  they  could  make  a  worthwhile  contribution  to  the  motion 
picture  theatre  industry  by  bringing  as  much  help  as  possible  to  the  theatre 
owners  when  they  needed  it.  As  a  result,  The  Sound  Track  was  launched 
in  May  of  1943. 

The  Sound  Track  had  nothing  to  sell,  because  there  was  no  equipment 
being  manufactured,  and  it  seemed  a  long  time  before  there  would  be.  It 
devoted  itself  to  bringing  information  on  how  to  keep  old  equipment  in 
operating  condition,  and  of  providing  instruction  on  the  essentials  of  motion 
picture  projection  and  management  to  those  who  were  breaking  into  theatre 
business,  as  well  as  to  the  older  men  who  were  sufficiently  alert  to  realize 
that  there  was  always  something  to  learn. 

The  magazine  was  mailed  to  the  vast  majority  of  the  theatres  of  the 
United  States  and  Canada  without  charge,  as  all  of  the  costs  have  been 
defrayed  by  the  Motiograph  dealers  and  by  Motiograph. 

During  the  ensuing  years,  The  Sound  Track  published  articles  on  almost 
every   type   of  booth   equipment,   outlining  its   construction,   operation   and 
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maintenance,  as  well  as  on  such  subjects  as  theatre  supplies  and  fixtures, 
theatre  management,  the  principal  motion  picture  producers,  and  the  latest 
developments  in  the  industry.  A  policy  was  followed  of  treating  each  sub- 
ject fully  and  accurately,  and  yet  in  clear  and  understandable  language. 
Every  issue  contained  a  large  number  of  quality  illustrations,  and  was  printed 
in  color  upon  a  good  paper  stock  and  in  modern  and  attractive  format. 

Among  its  accomplishments,  The  Sound  Track  established  and  conducted 
the  Used  Equipment  Mart,  a  non-profit  service  to  theatre  owners  and  equip- 
ment dealers,  which  moved  in  excess  of  $300,000  of  used  theatre  equipment, 
and  thus  prevented  the  closing  of  many  a  theatre.  It  likewise  operated  the 
Wartime  Emergency  Replacement  Service,  which  moved  projection  room 
equipment  and  replacement  parts  between  equipment  dealers  in  all  parts  of 
the  country  in  order  to  meet  emergency  situations  as  they  arose. 

The  Sound  Track  has  received  as  many  as  one  thousand  letters  in  the 
course  of  a  month,  and  over  four  thousand  testimonials  from  readers  in  the 
course  of  its  existence.  During  the  first  year  of  publication  alone  there  were 
over  six  hundred  individual  answers  returned  to  inquiries  on  projection 
problems. 

The  resumption  of  normal  production  following  the  war  marked  the 
fulfillment  of  the  original  objectives  of  The  Sound  Track,  but  by  that  time 
there  was  a  spontaneous  demand  for  its  continuance.  It  has  consequently 
continued  to  bring  information  on  the  postwar  equipment  and  the  latest 
developments  in  the  theatre  world. 

Many  of  the  letters  mentioned  above  constituted  requests  for  back  num- 
bers of  the  publication.  While  a  considerable  quantity  of  additional  copies 
were  printed  of  each  issue,  this  supply  was  invariably  exhausted  within  a 
short  time.  The  inability  to  comply  with  these  requests  was  particularly 
unfortunate  in  many  cases,  such  as  those  of  projectionists  who  were  saving 
issues  and  building  up  a  library,  or  of  inexperienced  men  and  women  who 
seemed  to  be  in  need  of  further  instruction. 

The  present  volume  was  therefore  prepared  as  the  response  to  these 
requests.  It  constitutes  a  reprint  of  all  of  the  most  important  articles  which 
have  appeared  in  The  Sound  Track  since  its  beginning,  revised  when  neces- 
sary to  bring  the  information  up  to  date,  and  supplemented  with  the  original 
illustrations.  It  is  our  hope  that  it  satisfactorily  fulfills  its  purpose  of  fur- 
nishing an  encyclopedia  of  trustworthy  theatre  information  to  the  theatre 
owner,  the  manager  and  the  projectionist. 

It  is,  of  course,  impossible  to  describe  all  brands  of  all  types  of  theatre 
equipment  and  supplies — a  difficulty  which  other  publications  of  this  type 
have  recognized  by  confining  themselves  to  one  or  a  very  few  of  the  leading 
brands.  Direct  reference  is  made  in  this  book  only  to  those  brands  of  equip- 
ment and  supplies  handled  by  the  Motiograph  dealers,  who,  it  will  be  recalled, 
helped  to  make  possible  the  publication  of  the  magazine.  The  models  de- 
scribed incorporate  basic  principles  of  design,  so  that  a  knowledge  of  their 
construction  and  operation  will  be  found  applicable  in  nearly  all  cases.  It 
will  be  found,  moreover,  that  an  explanation  is  given  in  nearly  every  case 
in  which  one  of  the  leading  brands  differs  from  that  being  described,  so  that 
there  is  probably  little  essential  information  which  has  been  omitted.  In  no 
cisc  is  there  cither  direct  or  implied  disparagement  of  any  product. 
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In  conclusion,  it  is  only  fitting  and  proper  that  due  acknowledgment  of 
thanks  be  made  to  the  officers  and  executives  of  Motiograph,  to  the  many 
valued  contributors  of  articles  to  The  Sound  Track,  and  to  the  following 
Motiograph  theatre  equipment  dealers: 


Atlas  Theatre  Supply  Co.   Pittsburgh,  Pa. 

Joe  Cifre,  Inc.     Boston,    Mass. 

Des  Moines  Theatre  Supply     Des  Moines,  Iowa 

J.  F.  Dusman  Co.    Baltimore,  Md. 

Ger-Bar,  Inc. Indianapolis,  Ind. 

Hodges  Theatre  Supply  Co.    New  Orleans,  La. 

Joe  Hornstein,  Inc. New  York,  N.  Y. 

W.  R.  Howell   Oklahoma  City,  Okla. 

Mid-States  Theatre  Supply St.  Louis,  Mo. 

Modern  Theatre  Equipment    Dallas,  Texas 

Ohio  Theatre  Supply  Co Cleveland,  Ohio 

Ringold  Theatre  Equipment   Grand  Rapids,  Mich. 

Service  Theatre  Supply    Salt  Lake  City,  Utah 

B.  F.  Shearer  Company    Los  Angeles,  Calif. 

B.  F.  Shearer  Company   Portland,  Ore 

B.  F.  Shearer  Company    San  Francisco,  Calif. 

B.  F.  Shearer  Company Seattle,  Wash. 

Shreve  Theatre   Supply   Kansas  City,  Mo. 

The  Ray  Smith  Company    Milwaukee,  Wis. 

Vincent  M.  Tate Forty  Fort,  Pa. 

Theatre  Supply  Co. Fort  Smith,  Ark. 

Wil-Kin  Theatre  Supply,  Inc. Atlanta,  Ga. 

Wil-Kin  Theatre  Supply,  Inc Charlotte,  No.  Caro. 

Dominion  Sound  Equipments,  Ltd. 

(Branches  throughout  Canada) 
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THE  PROJECTION   ItOOTH 


A  Model  Projection  Koom 

An  Aid  to  Planning  Your  Better  Booth 


By  EMIL  J.  WIENKE 


Just  what  constitutes  a  model  projection 
room?  Perhaps  the  word  "model"  em- 
braces too  ambitious  a  term,  for  we  are 
still  many  years  away  from  perfection — if 
such  a  goal  may  ever  be  attained.  What 
we  are  trying  to  outline  here  is  simply  the 
result  of  experience  gained  over  two  score 
or  more  years  of  motion  picture  projection 
for  the  purpose  of  achieving  the  greatest 
possible  degree  of  projection  efficiency. 

There  is  no  doubt  but  that  we  have  bet- 
ter projection  rooms  now  than  we  have 
had  in  the  past.  True  enough,  there  are 
still  plenty  of  "rat-holes"  that  are  just  as 
dangerous  as  they  are  unsanitary,  but  their 
number  is  fast  diminishing.  On  the  other 
hand,  we  can  point  with  real  pride  to  many 


more  projection  rooms  that  constitute  a 
credit  to  the  industry  and  to  the  owners 
and  projectionists  who  maintain  them. 

Inasmuch  as  the  sole  purpose  of  a  mo- 
tion picture  theatre  is  the  presentation  of 
motion  pictures,  it  is  obvious  that  the  suc- 
cess or  failure  of  any  such  business  will 
revolve  about  the  quality  of  the  projection 
and  sound.  The  first  essential,  of  course,  is 
to  have  good  equipment.  In  order  to  ob- 
tain the  greatest  possible  value  from  such 
equipment,  it  should  be  installed  in  a  pro- 
jection booth  which  measures  up  as  closely 
as  possible  to  the  ideal  requirements  which 
have   been   determined   from  experience. 

Dollars  invested  in  the  projection  booth 
pay  greater  returns  than  in  any  other  part 
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Floor  plan  of  a  model  projection   room. 
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of  the  theatre.  The  projectionist  who  is 
given  good  equipment  and  suitable  work- 
ing quarters  will  unquestionably  display 
far  greater  care  and  interest  in  his  work. 

The  Projection  Room 

The  ideal  projection  booth  consists  of 
four  divisions — the  projection  room,  the 
rewind  room,  the  power  equipment  room 
and  the  lavatory. 

In  discussing  the  projection  room  itself 
— by  far  the  most  important  portion  of  the 


The  reader  will  note  our  emphasis  on  the 
figures  given  as  minimum  dimensions.  In 
planning  a  projection  room,  consideration 
should  be  given  to  probable  future  needs 
for  additional  space.  The  theatre  architect 
and  the  theatre  equipment  dealer  may  be 
counted  on  to  give  qualified  advice  on  this 
subject,  and  should  be  consulted  without 
fail. 

In  planning  the  projection  room,  consid- 
eration must  be  given  to  its  relation  to  the 
screen  and  to  the  vertical  projection  angle. 


LINE    THROUGH  PIVOT   POINT  OF  PROJECTOR 


'     1 


32, 


SURFACE   OF  SCREEN- 


FRONT    WALL    OF  BOOTH 

optical    centerune  OF  PROJECTOR   AT  O'TILT 


1 ANGLE    OF  TILT 
_XOF  PROJECTOR 


PRO  J  BOOTH  FLOOR 


1.  LOCATE  A  VERTICAL  LINE  30"  FROM  BOOTH  FRONT  WALL. 

2.  AT  A  HEIGHT  OF  48"  FROM  BOOTH  FLOOR  DRAW  A  HORIZONTAL 
LINE.  THIS  1$  OPTICAL  CENTER  LINE  AT  0°  TILT.  EXTEND  THIS  LINE 
UNTIL  IT  MEETS  THE  SCREEN. 

3.  LOCATE  CENTER  POINT  OF  SCREEN.   CALL  THIS  POINT  "B". 

4.  DRAW  A  LINE  FROM  "A"  TO  "B".  MEASURE  THE  ANGLE  BETWEEN 
THEM  WITH  A  PROTRACTOR.  THIS  IS  THE  ANGLE  OF  TUT  OF  THE 
PROJECTOR. 

Method  for  plotting  projection  angle  on  elevation  drawing. 


CENTER 
POINT  OF 

SCREEN 


booth — we  may  assume  that  the  average 
theatre  is  equipped  with  two  projectors 
and  a  spotlight  or  effect  machine.  Compe- 
tent engineering  authorities  in  the  field 
have  agreed  upon  specifications  which  call 
for  a  minimum  width  of  eight  feet  of  space 
for  the  first  projector,  and  of  six  feet  for 
each  additional  projector  or  effect  machine. 
This  gives  us  a  total  minimum  width  of 
twenty  feet  for  the  average  theatre  projec- 
tion room.  If  a  third  projector  is  desired, 
another  six  feet  of  space  would  of  course 
be  required,  making  a  total  of  26  feet. 

While  a  depth  of  ten  feet  is  sufficient  for 
the  requirements  of  the  projection  room 
itself,  a  depth  of  twelve  feet  or  more  is 
recommended  in  order  to  provide  for  exit 
space  at  both  ends  of  the  booth.  The  height 
of  the  room  should  be  at  least  eight  feet. 


Inasmuch  as  the  ideal  projection  angle  is 
one  of  zero  degrees,  every  effort  should  be 
made  to  approach  this  ideal  as  closely  as 
possible,  and  in  no  case  should  the  vertical 
projection  angle  exceed  14  degrees.  The 
optical  axes  of  the  projectors  should  be  five 
feet  apart,  and  when  two  projectors  are 
used,  they  are  to  be  equidistant  from  the 
median  line  of  the  theatre.  If  there  are 
three  projectors,  the  optical  axis  of  one 
shall  be  placed  on  the  median  line,  and 
the  other  two  projectors  spaced  at  an  equal 
distance  on  either  side.  Motion  picture 
projectors  should  in  all  cases  be  given 
preference  in  spacing  in  relation  to  the 
median  line  over  spotlight  or  effect  ma- 
chines. 

Even  when  state  or  municipal  fire  laws 
do  not   so  make  it   mandatory,   it  is   good 
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policy  to  provide  a  separate  room  for  stor- 
age and  rewinding  of  film.  A  room  about 
eight  feet  in  depth  by  ten  feet  in  width 
will  usually  prove  sufficient  for  this  pur- 
pose. 

It  is  equally  advisable  to  have  a  power 
equipment  room  for  the  housing  of  rheo- 
stats, generators  and  rectifiers.  While  the 
size  of  this  room  will  be  determined  by  the 
quantity  and  type  of  equipment,  the  dimen- 
sions given  above  for  a  rewind  room  are 
generally   applicable   here  as   well. 

Construction  of  Booth 

The  prime  point  to  be  considered  in  the 
construction  of  the  booth  is  the  question 
of  fireproofing.  The  specifications  given 
below  are  in  accordance  with  virtually  all 
state  and  municipal  fire-proof  regulations. 

The  core  of  the  projection  room  walls 
should  be  not  less  than  four  inches  thick, 
and  constructed  of  concrete,  or  of  brick  or 
tile  blocks  plastered  on  the  inside  with 
%  inch  cement  or  acoustical  plaster.  If 
plaster  block  is  employed,  it  should  be 
supported  upon  steel  framework.  Provision 
should  be  made  in  wall  construction  for 
masonry  chases  for  all  electrical  conduits. 

Good  ceiling  construction  materials  in- 
clude four  inch  concrete  slabs  or  pre-cast 
concrete,  or  three  inch  plaster  blocks  sup- 
ported by  a  steel  structure  and  plastered  on 
the  inside  in  the  same  manner  as  the  walls. 


Electrical  conduits  in  the  ceiling  should  be 
concealed.  The  ceiling  and  the  upper  half 
of  the  walls  should  be  covered  with  an 
approved  fireproof  acoustical  material  both 
for  preventing  the  transmission  of  noise 
into  the  auditorium  and  reducing  noise 
within  the  projection  room  itself. 

The  principal  point  to  be  remembered 
in  regard  to  the  floor  of  the  projection 
booth  is  that  it  must  be  constructed  to  bear 
a  heavy  load,  for  the  equipment  weighs 
in  the  neighborhood  of  three  thousand 
pounds.  Qualified  engineers  recommend  a 
minimum  strength  of  two  hundred  pounds 
per  square  foot,  and  it  will  be  well  to  allow 
a  generous  factor  of  safety.  A  preferred 
type  of  floor  construction  consists  of  a  re- 
inforced concrete  slab  at  least  four  inches 
thick,  covered  with  from  two  to  four  inches 
of  tamped  cinders  and  with  a  finished  ce- 
ment floor  not  less  than  two  inches  thick. 
The  cinder  filling  and  the  cement  floor  will 
provide  space  for  concealed  electric  con- 
duits. Where  fire  regulations  so  permit, 
the  floor  should  be  covered  with  linoleum, 
which  tends  to  improve  the  appearance 
and  lessens  the  accumulation  of  dust  and 
grit. 

Every  projection  room  should  be  pro- 
vided with  an  exit  at  each  end.  The  exit 
doors,  as  well  as  those  into  the  rewind  and 
power  equipment  rooms,  must  be  approved 
fire-doors,  and  of  a  minimum  size  of  two 
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feet  six  inches  wide  by  six  feet  eight  inches 
high.  All  doors  should  close  automatically, 
and  swing  outwardly,  so  that  they  may  be 
opened  from  the  inside  merely  by  pushing. 
Door  jambs  should  be  made  of  steel. 

We  have  already  mentioned  the  neces- 
sity of  an  exit  at  each  end  of  the  projection 
booth.  These  exits  must  be  direct  and  un- 
obstructed, with  a  space  of  at  least  three 
feet  between  the  walls.  As  the  exit  doors 
should  open  outward,  there  must  be  a  plat- 
form at  the  head  of  the  stairs  at  least  equal 
to  the  width  of  the  door.  The  stairs  them- 
selves should  have  a  tread  of  nine  inches 
or  more,  and  with  risers  not  in  excess  of 
eight  inches.  Devious  winding  stairs  are  to 
be  avoided,  while  it  is  hoped  that  the  old 
fashioned  fire  trap  booths  which  had  lad- 
ders and  trap  doors  as  the  sole  means  of 
entrance  are  definitely  extinct  by  this  time. 

While  there  are  few  theatres  in  which 
the  projection  room  is  built  against  the 
exterior  wall,  one  or  more  outside  windows 


may  be  provided  when  this  is  the  case. 
Any  such  windows  must  be  entirely  of 
steel  construction,  with  glass  of  the  shat- 
terproof type.  While  outside  windows 
have  certain  advantages,  they  are  not  to  be 
recommended  because  of  the  dirt  and 
dust  which  enters  the  projection  room  from 
the  outdoors. 

Equipping  the  Projection  Booth 

Now  that  the  projection  room  has  been 
intelligently  and  safely  constructed,  it  must 
be  finished  and  equipped  in  the  same  man- 
ner to  give  a  maximum  degree  of  efficiency. 

Some  thought  should  be  given  to  the 
appearance  of  the  projection  room.  We 
have  already  suggested  covering  the  floor 
with  battleship  linoleum  cemented  to  the 
floor,  when  fire  regulations  so  permit.  A 
frequent  application  of  paint  to  the  pro- 
jection room  walls  will  greatly  enhance 
the  appearance  and  provide  an  incentive  to 
cleanliness.    The  colors  of  the  paint  to  be 
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Diagram  of  front  wall  of  projection  room,  showing  locations  of  portholes. 


employed  are  a  matter  of  individual  taste, 
although  common  sense  would  suggest  that 
the  lower  walls  below  the  acoustical  cover- 
ing be  in  a  dark  color,  while  the  upper 
walls  and  ceiling  should  be  in  a  lighter 
shade. 

Projection  room  lighting  may  be  pro- 
vided by  approved  vapor-proof  ceiling 
fixtures  arranged  from  either  the  normal  or 
the  emergency  lighting  circuit.  Individual 
vapor-proof  ceiling  fixtures  should  be  in- 
stalled at  the  operating  side  of  each  pro- 
jector or  effect  machine,  with  a  single 
vapor-proof  reel-light,  covered  with  a  wire 
guard,  centrally  located  on  the  projection 
room  ceiling  and  equipped  with  sufficient 
cord  to  permit  extension  to  all  parts  of  the 
room.  All  projection  room  lighting  fixtures 
should  be  equipped  with  keyless  sockets 
and  controlled  from  wall  sockets. 

Proper  ventilation  of  the  projection  room 
is  of  the  utmost  importance,  and  com- 
prises three  types  of  facilities — a  projection 
room  exhaust  system,  a  ventilation  system 
for  the  arc  lamps,  and  a  fresh  air  supply 
to  the  booth. 

General  ventilation  of  the  projection, 
rewind  and  power  equipment  rooms  should 
be  provided  by  an  exhaust  system  having  a 
capacity  of  not  less  than  two  hundred  cubic 
feet  per  minute  and  an  auxiliary  emergency 


capacity  of  at  least  one  thousand  cubic  feet 
per  minute  for  operation  in  case  of  fire. 
This  system  should  have  at  least  two  ceil- 
ing grill  outlets  in  the  projection  room, 
and  is  not  to  be  interconnected  with  any 
other  ventilating  systems  of  the  theatre. 
Control  of  emergency  operation  will  be  by 
means  of  a  switch  operated  automatically 
by  the  port  shutter  control,  when  the  latter 
is  started  manually,  or  by  the  melting  of 
the  fusible  links  in  such  control.  In  addition 
to  the  emergency  control  in  the  shutter 
system,  provision  should  be  made  for  the 
manual  operation  of  this  exhaust  fan  from 
a  point  just  outside  the  projection  room. 
An  independent  ventilation  system  should 
be  provided  for  the  carbon  arc  lamps.  Over 
the  arc  lamps  employed  with  the  projectors 
and  over  the  effect  machines  a  hood  should 
be  placed  which  connects  by  a  flue  to  a 
common  duct  leading  directly  out  of  doors. 
This  carbon  arc  exhaust  system  should  be 
operated  by  an  exhaust  fan  or  blower  hav- 
ing a  capacity  of  at  least  fifty  cubic  feet  of 
air  per  minute  for  each  arc  lamp  to  which 
it  is  connected.  The  system  should  be 
electrically  connected  to  the  projection 
room  wiring  system,  and  also  controlled 
by  a  separate  switch  with  a  pilot  light 
within  the  room.  Ventilation  may  be  re- 
duced as  required  to  each  projector  or  other 
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machine  by  means  of  a  damper  on  the  lamp 
house  or  between  the  lamp  house  and  the 
projection   room  ceiling. 

A  fresh  air  supply  to  the  projection  room 
should  be  provided  by  two  or  more  intake 
ducts  located  at  or  near  the  floor.  This 
system  is  to  be  connected  into  the  main 
ventilating  system  of  the  theatre,  and  inde- 
pendent of  any  of  the  exhaust  systems  of 
the   projection   booth. 


the  projection  room  is  not  the  place  to 
start  saving  pennies,  for  here  the  ultimate- 
success  or  failure  of  the  theatre  will  be 
largely  determined. 

All  tables,  racks,  shelves  and  other  furni- 
ture in  the  projection  booth  should  be  of 
metal  in  order  to  lessen  the  fire  hazard. 
In  the  projection  room  itself  there  should 
be  a  metal  container  for  hot  carbon  stubs. 
The  rewind  room  will  have  a  fireproof  film 
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Diagram    showing   example    of    port    shutter   construction. 


A  good  theatre  will  have  a  good  projec- 
tion booth  and  good  equipment.  No  dis- 
cussion of  a  model  projection  room  would 
be  complete  without  stressing  the  vital  im- 
portance of  projectors  and  sound  systems 
and  arc  lamps  and  other  major  equipment, 
and  it  is  regrettable  that  space  require- 
ments do  not  permit  us  to  cover  this  sub- 
ject as  it  deserves.     Let  it  suffice  to  say  that 


cabinet  sufricienly  large  for  the  require- 
ments of  the  theatre.  The  film  cabinet 
should  be  vented  to  the  outside  air  by 
means  of  a  gravity  vent  constructed  of  non- 
combustible  material,  or,  if  the  capacity  is 
in  excess  of  fifty  pounds  of  film,  be  equip- 
ped with  an  automatic  sprinkler  head  con- 
nected with  the  theatre  water  supply. 
A  good  rewind  room  will  also  contain  a 
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metal  rewind  table,  an  approved  type  of 
rewind  equipment  and  a  mechanical  film 
splicer.  The  film-scrap  can  should  keep  the 
scraps  of  film  immersed  in  water  at  all 
times,  and  be  provided  with  an  automatic 
self  closing  lid.  Film  should  be  kept  in  the 
film  cabinet  at  all  times  except  when  being 
projected  or  rewound,  and  stocks  of  in- 
flammable chemicals  and  other  materials 
reduced    to   a    minimum. 


position.  In  the  event  of  a  greater  angle  of 
tilt,  the  height  of  the  projection  ports 
must  be  corrected  accordingly,  as  indicated 
in  the  table  given  elsewhere  in  this  article. 
The  finished  projection  ports  should  be 
about  ten  inches  square,  measured  on  the 
inside  wall.  When  the  vertical  projection 
angle  is  zero,  the  horizontal  center  line  of 
the  ports  should  be  four  feet  from  the  floor, 
with   the  vertical  center  line,   in  the  case 
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Arrangement   of   control    system    for   port   shutters. 


Projection  Room  Portholes 

Two  portholes  are  provided  for  each 
projector — a  projector  port  and  an  obser- 
vation port — as  well  as  one  or  more  ports 
for  the  effect  machines  when  these  are 
present.  There  are  certain  specifications  for 
all  of  these  types  of  portholes. 

The  location  of  the  projection  portholes 
is  governed  by  the  make  and  design  of  the 
projection  and  sound  equipment,  and  by 
the  vertical  projection  angle.  As  the  ideal 
vertical  projection  angle  is  zero,  all  mea- 
surements given  herein  from  the  floor  to 
the  center  of  the  ports  arc  based  upon  that 


of  a  two  projector  booth,  located  two  feet 
six  inches  on  either  side  of  the  median  line 
of  the  theatre. 

There  is  no  hard  and  fast  rule  in  regard 
to  the  dimensions  of  the  observation  port, 
although  a  size  of  about  14  iixhes  wide  by 
12  inches  high  is  recommended.  The  hori- 
zontal center  line  of  the  observation  port 
should  be  4  inches  above  that  of  the  pro- 
jection port,  and  its  vertical  center  line  18 
inches  to  the  right  of  that  of  the  projection 
port.  The  bottoms  of  all  ports  should  be 
beveled  1 5  degrees  downward,  and  if  the 
wall  is  more  than  12  inches  thick,  the  sides 
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should  also  be  beveled  outward  at  a  sim- 
ilar angle. 

One  port  will  serve  both  for  projection 
and  observation  as  regards  the  spotlight  or 
effect  machine.  These  ports  will  be  as  small 
as  is  practicable,  with  the  size  determined 
by  the  type  of  machine. 

If   there   is   a   separate   rewind   room,   it 


fitted  with  optical  glass,  and  the  observation 
ports  with  a  good  grade  of  plate  glass. 
This  glass  should  be  removable  for  clean- 
ing. It  is  highly  important  that  the  optical 
glass  be  set  in  the  projection  ports  so  that 
the  plane  of  the  glass  will  be  at  an  exact 
ninety  degree  angle  to  the  projection  op- 
tical center  line.     Strict  adherence  to  this 
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should  be  provided  with  an  observation 
port  of  the  same  size  and  height  as  those 
in  the  projection  room.  There  should  also 
be  a  glass  observation  window  between 
the  rewind  room  and  the  projection  room, 
fixed  in  a  fireproof  frame. 

To  prevent  machine  noise  and  sound 
from  the  monitor  entering  into  the  audi- 
torium,   the    projection    ports    should    be 


suggestion  will  minimize  reflection  and 
give  maximum  light  on  the  screen.  It 
may  be  mentioned  that  some  theatres  bave 
eliminated  glass  entirely  from  the  projec- 
tion ports,  and  endeavor  to  diminish  the 
transmission  of  noise  by  reducing  the  size 
of  the  port  or  by  the  use  of  fireproof 
acoustical  materials. 

All  ports  must  be  protected  by  gravity 
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Diagram  of  wiring  on  Motiograph  Model  "AA"  base 
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shutters  made  of  No.  10  gauge  iron  and 
set  in  iron  guides  one  or  more  inches  wide 
at  the  sides  and  bottom.  When  closed,  the 
shutter  must  overlap  the  top  of  the  port 
by  at  least  one  inch.  For  complete  fire  pro- 
tection, all  shutters  must  be  interconnected 
so  that  they  will  close  simultaneously  upon 
the  operation  of  a  mechanical  releasing 
device  or  the  operation  of  a  fusible  link. 
Each    shutter    must    have    its    individual 


Electrical  Conduits  and  Circuits 

The  location  of  the  projectors  should 
previously  be  determined  so  that  the  elec- 
trical conduits  may  be  properly  located 
under  the  projector  bases.  When  the  booth 
is  provided  with  two  projectors,  their  exact 
centers  should  be  two  feet  six  inches  on 
either  side  of  the  median  line  of  the  theatre. 
The  only  variance  in  the  location  of  pro- 
jectors will  be  the  distance  from  the  center 
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Wiring  diagram  of  the  front  wall  of  projection  room. 


fusible  link  above  it,  and  a  fusible  link 
shall  be  located  as  well  above  each  upper 
projector  magazine  which  upon  operation 
closes  all  of  the  port  shutters.  The  projec- 
tionist must  be  able  to  close  the  shutters 
manually  from  any  projector  head  and 
from  each  exit.  The  shutters  should  be 
kept  closed  when  not  in  use,  and  some 
theatres  close  all  shutters  at  the  end  of 
the  show  as  a  means  of  testing  their  oper- 
ation. 


of  the  projector  base  to  the  front  wall, 
which  will  vary  from  thirty  inches  to 
43  7/16  inches,  depending  upon  the  angle 
of  tilt  of  the  projectors  and  the  type  of 
sound  reproducers  to  be  used.  All  Motio- 
graph  projectors  and  most  other  standard 
projectors  of  modern  design  have  an  open- 
ing in  the  base  long  enough  to  provide  for 
this  variance.  The  conduits  for  arc  lamps 
and  projectors  therefore  may  be  installed 
thirty  inches  from  the  front  wall,  regard- 
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less  of  the  make  of  projectors  to  be  used, 
if  the  angle  of  tilt  is  eleven  degrees  or  less. 
For  every  one  degree  increase  over  this 
angle,  the  conduit  openings  should  be 
moved  back  one  additional  inch.  If  other 
booth  equipment  is  to  be  employed,  the 
manufacturers  should  be  consulted  for 
proper  conduit  layouts  before  the  booth 
wiring  is  completed. 

In    wiring    the    projection    booth,     con- 
duits  should   be  provided   for  the  follow- 


ing: 
1. 

2. 
3. 


Projectors   and    arc   lamps. 
Spotlight  or  effect  machines. 
Sound  equipment. 

a.  Ground  wiring. 

b.  Amplifier  and  controls. 

c.  Loud  speaker  circuits. 

d.  AC  power  supply. 
Rheostats,    generators   or   rectifiers. 
Projection  room  lighting. 


6.  Arc  lamp  ventilating  equipment. 

7.  General    ventilation   equipment. 

8.  Miscellaneous. 

a.  Curtain. 

b.  Receptacles. 

c.  Telephone. 

d.  Buzzers  and  signal  system. 

e.  Clock  outlet. 

All  of  the  specifications  and  details  given 
in  this  article  are  of  course  intended  only 
to  serve  as  a  guide  for  the  construction  of 
an  ideal  projection  booth.  It  will  be  under- 
stood that  at  times  certain  difficulties  will 
arise  to  prevent  these  specifications  from 
being  carried  out  in  every  detail.  That  is 
a  matter  to  be  left  in  the  hands  of  the 
theatre  architect.  He  is  fully  qualified  to 
determine  what  will  best  accomplish  the 
essential  purpose  of  satisfactory  picture 
presentation. 


NOTES  TO  THE  PROJECTIONIST 


Before  resumption  of  service  after  com- 
plete or  partial  power  failure,  it's  wise  to 
disconnect  all  line  switches  to  motors,  gen- 
erators, rectifiers  and  other  electrical  equip- 
ment. The  simultaneous  starting  of  all 
equipment  will  cause  overloads  and  may 
result  in  damage  to  equipment. 

Upon  resumption  of  complete  service, 
check  to  see  that  three  phase  equipment 
is  operating  on  all  three  phases  and  not 
"single  phasing,"  which  may  result  from 
the  blowing  of  one  of  the  three  fuses. 

Upon  resumption  of  service,  switches 
should  be  connected  and  equipment  then 
checked  for  proper  operation. 


The  projectionist  should  always  have  on 
hand  an  ample  supply  of  fuses  of  all  ratings 
and  types  used.  It  is  a  good  idea  to  mark 
along  the  side  of  each  fuse  socket  the  rat- 
ing of  the  fuse  to  be  used. 


Motor  generator  sets  should  never  be 
located  in  the  theatre  basement,  but  rather 
in  a  room  immediately  adjacent  to  the 
projection  room  proper.  This  permits  the 
projectionist's  constant  observation,  and 
keeps  the  parts  dry. 

•  •      • 

All  power  wiring  is  grounded  to  the 
earth  at  original  installation,  generally 
through  the  medium  of  a  water  pipe.  This 
connection  should  be  examined  periodically 
for  possible  corrosion. 

•  •      • 

Should  there  be  occasion  to  make  changes 
in  projection  room  wiring,  employ  conduits 
larger  than  may  be  immediately  necessary. 
This  precaution  may  save  a  costly  rewiring 
job  in  the  future. 

•  •      • 

Inspect  fuses,  switches,  bus  bars  and  wire 
connections  regularly. 
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SCREEN     CHART 
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All  figures  are  based  en  standard  aperture  o/  .825"  x  .600" 
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To  find  picture  height,  multiply  width  by  .73 


To  determine  size  of  screen, 
add  at  least  6  inches  to  width  and  height. 
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Safety  in  the  Booth 

How  Chicago  Regulates  Its  Theatres 

By  SAMUEL  R.  TODD 

Examiner,  Moving  Picture  Machine  Operators,  City  of  Chicago 


Every  so  often  some  one  asks  me  how  to 
prevent  fires  in  the  motion  picture  projec- 
tion booth.  My  opinion  is  that  the  best 
way  to  deal  with  fires  is  not  to  have  any. 
It  can  be  done,  because  we  have  been  doing 
it  for  a  long  time  in  Chicago. 

Thirty  years  ago — when  I  first  took  over, 
and  we  began  to  make  a  real  effort  to  regu- 
late projection  booths  and  projectionists — 
there  were  as  many  as  ten  to  twelve  fires  a 
week  in  Chicago  theatres.  Within  three 
years,  we  cut  that  down  to  an  average  of 
two  fires  a  month.  At  the  present  time,  we 
have  about  six  fires  a  year,  none  of  which 
are  of  any  consequence.  As  a  matter  of  fact, 
there  has  never  been  a  theatre  burned  down 
or  a  loss  of  life  due  to  fire  from  defective 
electrical  wiring  or  film  ignition  in  Chicago 
in  the  last  twenty  years. 


Samuel   R.  Todd 


We  are  very  proud  of  that  record.  It  has 
been  compiled  through  a  careful  regulation 
of  booth  construction  and  wiring  and  a 
careful  licensing  of  projectionists,  plus  fre- 
quent inspections  to  make  sure  that  all  the 
rules  are  being  complied  with.  The  Chi- 
cago code  of  motion  picture  regulation  has 
attracted  so  much  favorable  attention  that 
it  has  often  been  copied  in  other  cities,  and 
I  am  occasionally  called  upon  to  approve 
the  booth  plans  for  theatres  being  con- 
structed outside  of  the  city. 

Thirty  Years  Ago 

Booth  regulation  has  made  tremendous 
strides  in  the  last  thirty  years.  Looking 
back  over  the  years,  I  can  perceive  notable 
improvement  in  virtually  every  phase  of 
motion  picture  projection.  For  instance,  in 
the  early  days  there  was  no  uniform  wiring 
system,  nor,  in  fact,  much  cf  a  system  at  all. 
If  a  fuse  was  blown  on  the  motor  circuit, 
the  projectionist  and  manager  would  start 
trying  out  the  fuse  boxes  in  the  box  office 
and  back  stage,  and  then  probably  locate 
the  right  box  down  in  the  basement  a  half 
hour  later. 

Film  containers  in  the  early  days  were 
just  bread  boxes,  and  when  I  use  the  term 
I  mean  just  that,  because  they  had  the  word 
"Bread''  stamped  on  the  covers.  One  of  the 
first  jobs  that  we  had  to  do  was  to  see  that 
fireproof  film  containers  were  installed  in 
all  booths. 

Another  of  our  early  improvements  was 
the  installation  of  an  enclosed  type  of  re- 
wind. The  resistance  to  this  forward  step, 
which  was  offered  by  some  exhibitors,  was 
overcome  by  firm  insistence  on  compliance. 
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As  time  went  on,  we  met  problems  as 
they  arose.  The  first  sound  system  in  Chi- 
cago was  installed  at  McVicker's  Theatre, 
and  none  of  us  knew  very  much  about  it  at 
the  time.  I  told  them  to  go  ahead  and  in- 
stall it,  and  from  that  point  we  proceeded 
to  work  out  a  system  of  wiring  based  on 
safety   and   efficiency. 


operator  in  another  city  for  one  year  or 
longer,  and  is  qualified  to  pass  a  stiff  ex- 
amination. 

We  pay  a  great  deal  of  attention  to  wir- 
ing regulations.  I  have  personally  exam- 
ined the  blueprints  and  supervised  the  wir- 
ing installation  of  every  booth  in  Chicago. 
Building  code  regulations  provide  for  fire- 


Spacious  and  spotlessly  clean — projection  room  of  the  Ellicott  Theatre, 
Ellicott  City,  Md. 


Factors  of  Safety 

There  is  no  great  secret  as  to  how  we 
have  built  up  our  record  in  Chicago.  For 
one  thing,  there  has  been  a  careful  licens- 
ing of  projectionists.  No  man  is  allowed  to 
work  in  a  projection  booth  unless  he  has 
served   an   apprenticeship,   or  has   been   an 


proof  construction,  and  the  fire  department 
checks  for  all  fire  fighting  safety  provisions. 

The  projectionist  can  do  much  to  help 
by  careful  examination  and  maintenance  of 
his  equipment.  When  a  projectionist  thor- 
oughly understands  his  equipment  and 
takes  good  care  of  it,  he  not  only  gives  the 
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The  compact  and  neat  booth  arrangement  of  the  Times  Theatre,  Sacramento,  Calif. 


patrons  of  his  theatre  a  better  show,  but  he 
lessens  the  possibilities  of  breakdowns  and 
of  fires. 

All  in  all,  we  feel  that  we  have  the 
situation  pretty  well  under  control  in  Chi- 
cago. Under  our  present  regulations,  there 
no  longer  is  any  danger  of  patrons  being 
burned  in  a  theatre  fire.  Our  main  idea  is 
to  confine  any  fire  to  the  booth  and  to  pre- 
vent smoke  from  getting  into  the  theatre, 
which  might  give  rise  to  a  panic. 

Projector  Regulations 

Let  us  glance  at  some  of  the  provisions 
of  the  City  of  Chicago  code  regarding 
motion  picture  projectionists,  booths  and 
equipment. 

The  professional  types  of  projectors, 
such  as  are  commonly  used  in  theatres  and 
motion  picture  houses,  shall  be  located  in 
fireproof  enclosures  as  required  by  the  code 
of  the  department  of  buildings. 

The  arc  lamp  house  shall  be  composed 
entirely  of   metal   having  a   thickness  not 


less  than  No.  24  U.S.  sheet  metal  gauge 
(.025  inch),  except  where  the  use  of  ap- 
proved insulating  material  is  necessary.  An 
automatic  overload  protective  device  and  a 
manually  operable  switch  shall  be  provided 
for  each  ungrounded  conductor  supplying 
the  lamp.  Incandescent  lamp  enclosures 
shall  conform  to  the  above  requirements  as 
far  as  may  be  practicable.  Arc  or  incan- 
descent lamp  enclosures  shall  be  marked 
with  the  name  of  the  maker  and  with  the 
current  and  voltage  rating  for  which  they 
are  designed. 

The  enclosure  for  the  arc  switch  on  the 
projector  shall  be  of  metal  of  a  thickness 
not  less  than  No.  16  U.S.  sheet  metal  gauge 
(.0625  inch). 

Wires  not  smaller  than  No.  4  shall  be 
employed  to  supply  the  projector  outlet  in 
a  theatre.  Wiring  shall,  in  all  cases,  be  in- 
stalled for  the  full  rated  current  of  the 
lamp  to  be  used. 

Rheostats,  transforming  devices  and  any 
substitute   therefore  shall  be  of   types  ex- 
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pressly  designed  and  approved  for  the 
purpose. 

Top  and  bottom  magazines  shall  be  so 
designed  with  a  rabbet  on  the  inside  or  a 
flange  on  outside  of  the  door  in  such  a 
manner  as  to  prevent  the  entrance  of  flame 
and  for  the  purpose  of  reinforcing  the  door. 
No  solder  shall  be  used  in  their  construc- 
tion. The  front  side  of  each  magazine  shall 
consist  of  a  door  swinging  horizontally  and 
equipped  with  a  substantial  latch.  The  top 
and  bottom  magazines  shall  be  constructed 
of  metal,  reinforced  in  an  approved  manner 
and  having  a  thickness  not  less  than  No.  22 
U.S.  sheet  metal  gauge  (.032  inch).  Top 
and  bottom  magazines  shall  be  equipped 
with  fire  trap  and  fire  rollers  approved  by 
the  division  of  electrical  inspection. 

An  automatic  shutter  shall  be  provided 
and  permanently  attached  to  the  gate 
frame.     The    construction    of    the    shutter 


shall  be  such  as  to  shield  the  film  from  the 
beam  of  light  whenever  the  film  is  not 
running   at  operating   speed. 

Motion  picture  projectors  shall  be  so 
constructed  that  the  film  shall  be  entirely 
enclosed  within  the  magazines,  the  machine 
head  and  the  sound  head,  except  at  the 
aperture  during  operation. 

The  optical  shutter  on  the  projector  head 
shall  be  so  mounted  as  to  intercept  the 
beam  of  light  between  the  source  of  light 
and  the  aperture. 

The  projector  shall  be  equipped  with  a 
film  take-up  device  approved  by  the  divi- 
sion of   electrical  inspection. 

In  the  top  and  bottom  magazines  there 
shall  be  a  clearance  of  not  less  than  one 
inch  between  the  outer  edge  of  the  reel  and 
the  inner  wall  of  the  magazine. 

Reels  containing  more  than  2000  feet  of 
film  capacity  shall  not  be  used. 


Few   theatres   are   provided   with   projection   rooms   as   spacious   as   that   pictured   above. 
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The  Projection  Room 

Plans  for  the  projection  room  shall  be 
submitted  to  the  division  of  electrical  in- 
spection for  approval  before  any  construc- 
tion is  started.  These  plans  shall  show  the 
dimensions  of  the  projection  room,  the  lay- 
out of  all  wiring  and  location  of  all  elec- 
trical equipment;  also  shall  show  the  loca- 
tion and  size  of  all  openings  in  the  walls 
and  ceilings.  Rigid  conduit  or  electrical 
metallic  tubing  shall  be  employed  as  the 
wiring  method.  Conduits  shall  be  con- 
cealed and  all  boxes  shall  be  of  the  flush 
mounting  type.  One  outlet  connected  to 
the  emergency  lighting  system  shall  be  in- 
stalled in  the  projection  room.  Motors, 
generators,  rotary  converters,  rectifiers, 
rheostats  and  sound  amplifying  equipment 
shall  be  marked  with  the  name  of  the  maker 
and  with  the  current  and  voltage  rating  for 
which  they  are  designed.  Facing  the  picture 
screen,  there  shall  be  a  spacing  of  not  less 
than  forty-two  inches  between  the  lens 
center  of  the  right  hand  projector  and  the 
right  end  wall,  sixty  inches  between  lens 
centers  of  projectors  and  forty-eight  inches 
between  lens  center  of  left  hand  projector 
and  left  end  wall.  There  shall  be  a  spacing 
of  not  less  than  forty-eight  inches  between 
other  light  projectors.  The  projection  room 
inside  dimensions  shall  be  not  less  than  ten 
feet  from  front  wall  to  rear  wall,  twelve 
feet  six  inches  between  end  walls  and  eight 
feet  six  inches  between  the  floor  and  the 
ceiling. 

In  addition  to  the  gravity  vent  required 
by  the  code  of  the  building  department  of 
the  City  of  Chicago,  there  shall  be  provided, 
when  the  port  holes  are  closed,  an  out  draft 
of  air  in  each  projection  room  by  means  of 
an  air  duct  and  an  exhaust  fan  having  a 
capacity  of  at  least  200  cubic  feet  of  air  per 
minute  for  each  80  square  feet  of  floor  area 
of  the  projection  room.  The  exhaust  fan 
motor  shall  be  so  installed  that  fumes  pass- 
ing through  the  exhaust  air  duct  cannot 
come  in  contact  with  the  motor.  Current 
for  the  motor  shall  be  supplied  from  the 
general   lighting  panel.      There  shall   be   a 


dual  switch  control  for  this  motor — one 
switch  shall  be  so  connected  to  the  master 
shutter  control  that  the  exhaust  fan  motor 
will  be  put  in  operation  automatically  when 
the  port  hole  master  shutter  control  is  re- 
leased— the  second  switch  shall  be  con- 
nected in  parallel  and  be  of  a  manually 
operable  type  and  shall  be  located  outside 
of  the  projection  room  near  the  exit  door. 
The  doors  on  main  openings  to  the  pro- 
jection room  shall  be  metal  clad  and  swing 
outwards  and  arranged  to  be  held  normally 
closed  by  spring  hinges  or  door  checks.  If 
a  door  check  is  used  it  shall  be  located  out- 
side of  the  projection  room.  All  other 
openings  in  the  projection  room,  except  the 
ventilator  opening,  shall  be  protected  by 
sliding  shutters  constructed  of  sheet  metal 
of  a  thickness  not  less  than  No.  14  U.S. 
sheet  metal  gauge  (.0781  inch).  The  shut- 
ters shall  be  arranged  to  close  by  gravity 
and  shall  operate  freely  in  guides  which 
are  continuous  along  both  sides  and  bot- 
toms of  openings.  These  guides  shall  be 
built  up  of  strap  iron  two  inches  wide  and 
one-eighth  inch  thick  with  spacers  one  inch 
wide  and  twice  as  thick  as  the  shutter. 
These  shutters  shall  be  held  open  by  a 
master  shutter  control  cord  which  passes 
over  the  center  line  of  the  aperture  of  each 
projector  and  seventy-eight  inches  above 
the  projection  room  floor.  This  cord  shall 
terminate  in  a  metal  ring  placed  over  a 
steel  pin  at  the  exit  door  and  so  arranged 
that  all  shutters  may  be  readily  manually 
closed  at  either  or  both  exit  doors.  An  ap- 
proved fusible  link  with  a  maximum  rating 
of  165  degrees  F,  shall  be  inserted  in  the 
master  cord  above  each  projector.  The 
metal  frame  for  each  observation  or  light 
projection  opening  shall  be  provided  with 
a  sill  having  a  downward  pitch  from  inside 
to  outside.  This  pitch  shall  be  not  less  than 
30  degrees  from  the  horizontal. 

Booth  Safety  Factors 

Rewinding  of  films  shall  be  performed 
in  the  projection  room.  Reels  carrying 
films  in  process  of  rewinding  shall  be  en- 


SAFETY  IN  THE  BOOTH 


31 


closed  in  magazines  of  approved  design. 
The  film  rewind  shall  not  be  mounted 
within  reach  of  the  projector  head. 

Extra  films  shall  be  kept  in  approved 
fireproof  metal  cabinets  designed  for  the 
storage  of  each  reel  in  a  separate  fireproof 
compartment.  Each  compartment  shall 
have  a  separate  self-closing  cover. 


trol  of  a  motor  operating  the  curtain  at  the 
picture  screen  may  be  located  in  the  pro- 
jection  room. 

Smoking  is  prohibited  at  all  times  within 
the  projection  room. 

The  use  of  any  fire  or  open  light  is  pro- 
hibited in  the  projection  room  during  the 
time  the  audience  is  in  the  building. 


Generators  or  rectifiers  should  be  located  in  a  separate  room. 


Rectifiers,  motor  generators,  rheostats, 
storage  batteries,  switchboards,  dimmers  or 
other  similar  devices  shall  not  be  located  in 
the  projection  room. 

Each  incandescent  lamp  not  otherwise 
protected  by  non-combustible  shades  or 
enclosures  shall  be  provided  with  an  ap- 
proved lamp  guard. 

No  switches  or  controls  of  any  kind  ex- 
cept for  the  operation  or  control  of  pro- 
jection, sound,  or  accessory  projection 
equipment  shall  be  located  in  the  projection 
room  or  the  generator  room,  provided, 
however,  a  switch  or  switches  for  the  con- 


The  projection  room  shall  contain  noth- 
ing but  the  moving  picture  machines,  the 
sound  reproducing  equipment  and  the  nec- 
essary accessories,  and  the  room  shall  be 
kept  clean  at  all  times. 

The  operator  in  charge  of  the  moving 
picture  machine  shall,  before  every  pre- 
sentation, carefully  examine  the  machine 
and  its  devices,  including  the  films,  and 
ascertain  if  the  same  comply  with  the  rules 
and  ordinances,  and  that  the  said  machine 
is  in  a  safe  condition  to  operate.  Also,  he 
shall,  before  every  presentation,  examine 
the  projection   room   shutters   and   shutter 
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The   control  panel   is  easily   accessible. 


control  apparatus  and  ascertain  if  the  same 
are  in  proper  condition  to  be  operated 
manually  or  automatically. 

The  commissioner  of  streets  and  electri- 
city may,  for  any  violation  of  the  provisions 
of  the  code,  or  for  failure  to  report  to  the 
chief  electrical  inspector  any  violation  of 
the  electrical  code,  or  any  rule  or  regulation 
of  the  department  of  streets  and  electricity, 
pertaining  to  the  operation  and  mainten- 
ance of  moving  picture  projecting  machines 
or  devices,  suspend  the  license  of  any  mov- 
ing picture  projecting  machine  operator  for 
a  period  not  to  exceed  thirty  days.  The 
Mayor  may  revoke  the  license  of  any  mov- 
ing picture  projecting  machine  operator  for 
the  violation  of  any  ordinance  of  the  city 
relative  to  the  use  or  operation  of  moving 


picture  projecting  machines  and  devices,  or 
it  in  the  discretion  of  the  Mayor  the  holder 
of  such  license  is  incompetent  or  unfit.  The 
Mayor  may  also  revoke  the  permit  of  any 
apprentice  to  a  moving  picture  projecting 
machine  operator  at  any  time  at  his  discre- 
tion. 


A  poorly  soldered  connection  in  a  power 
line  may  be  a  fire  hazard,  or  at  least  a 
cause  of  serious  trouble.  How  about  a  little 
detective  work  on  all  connections? 


Ground  connectors  require  periodic  in- 
spection. Sometimes  it's  even  desirable  to 
remove  the  connector  to  see  if  corrosion  has 
set  in  underneath  it. 


S3 


PROJECTORS— THEIR  HISTORY  AIXII  DEVELOPMENT 


The  Early  Years 

Development  of  the  Motion  Picture  Projector 

By  ALVAH  C.  ROEBUCK 

Founder  of  Motiograph;   Co-Founder  of  Sears,  Roebuck   &  Co. 


The  motion  picture  projector  of  the  present  day  takes  on  ci  en 
greater  interest  when  one  traces  its  development  over  the  course 
of  the  last  half  century. 

Perhaps  no  one  played  a  more  significant  part  in  the  commer- 
cial development  of  the  projector  than  the  late  Alvah  C.  Roe- 
buck, founder  of  Motiograph  and  co-founder  of  Sears-Roebuck 
&  Co.  In  the  following  article,  written  several  years  before  his 
death,  he  gave  an  outline  of  his  experiences  and  of  the  various 
Motiograph  models  prepared  under  his  direction. 

The  facts  presented  furnish  an  excellent  indication  of  the 
technical  progress  of  the  motion  picture  projector. 


For  some  reason  that  I  am  not  entirely 
able  to  comprehend,  the  average  person 
seems  to  compare  me  with  some  sort  of 
legendary  figure  of  the  past — a  living  con- 
nection, as  it  were,  with  the  great  bygone 
era  when  many  of  our  giant  commercial  en- 
terprises were  founded.  This  amuses  me. 
While  not  active  in  any  business  at  the 
present  time,  I  am  certainly  very  active 
mentally  in  my  interest  in  the  business 
world  of  1943. 

Looking  backward,  I  find  that  the  inter- 
vening years  were  not  only  most  interesting 
and  exciting,  but  to  me  they  are  just  as 
realistic  and  lifelike  as  today.  True,  many 
of  my  well  known  and  capable  associates 
of  the  past  are  no  longer  among  the  liv- 
ing,   but   on    my   occasional    visits    to   the 


Motiograph  plant,  I  still  find  myself  greet- 
ed by  former  employees  who  worked  with 
me  in  an  enterprise  to  which  I  devoted 
a  large  part  of  my  business  life. 

The  founding  of  what  is  today  known 
as  Motiograph  is  so  closely  associated  with 
the  early  history  of  Sears,  Roebuck  &  Co. 
that  I  must  relate  something  of  the  estab- 
lishment of  the  "World's  Largest  Store". 
To  do  so  requires  that  I  tell  something  of 
myself  and  of  my  old  friend  and  business 
associate,  Richard  Warren  Sears. 

Mr.  Sears — equipped  with  a  small  office 
and  but  few  employees — ran  an  advertise- 
ment for  a  watchmaker  in  the  classified 
columns  of  the  Chicago  Daily  News.  A 
few  days  later  I  had  my  first  meeting  with 
Mr.  Sears — and  landed  the  job. 
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My  relations  with  Mr.  Sears  during  the 
next  several  years,  while  full  of  interest, 
have  no  direct  bearing  on  my  present  story. 

On  April  2,  1892,  Sears  and  I  established 
a  mail  order  business  in  Minneapolis  which 
was  known  as  A.  C.  Roebuck  &  Co.  This 
name  was  changed  to  Sears,  Roebuck  & 
Co.  on  Aug.  23,  1893,  and  in  January  of 
1895   we  moved  the  business  to  Chicago. 

The  Beginnings  of  Motiograph 

Now  we  have  reached  the  point  where 
Motiograph  came  into  being.  At  this  time 
there  was  little  in  the  way  of  entertainment 
for  residents  of  smaller  cities  and  towns, 
other  than  amateur  theatricals  and  an  oc- 
casional circus.  I  conceived  the  idea  of 
offering  for  sale  an  "entertainment  outfit," 
by  means  of  which  the  purchaser  might 
liven  up  church  social  activities  and  at  the 
same  time  earn  some  extra  money  for  him- 
self and  for  the  church.  As  the  talking 
machine  was  then  a  novelty,  our  first  outfit 


Mr.  A.  C.  Roebuck. 


featured  a  phonograph,  records  and  all 
necessary    accessory    equipment. 

Motiograph  really  began  its  existence  in 
1896,  when  we  switched  to  a  magic  lantern 
and  thus  entered  the  projection  field.  The 
complete  outfit  consisted  of  a  magic 
lantern,  a  choice  of  several  sets  of  from 
fifty-two  to  eighty  slides,  a  supply  of  ad- 
vertising posters  and  admission  tickets,  a 
book  of   instructions,   etc. 

Perhaps  at  this  point  the  reader  may  in- 
dulge in  a  tolerant  smile  at  the  simpler 
amusements  of  the  preceding  generation, 
but  let  me  say  that  the  magic  lantern  idea 
was  a  huge  success.  Orders  poured  in  from 
all  parts  of  the  country,  and  within  a  very 
short  time  the  sale  of  entertainment  outfits 
constituted  an  appreciable  portion  of  our 
business. 

It  was  largely  that  I  might  devote  all  of 
my  time  to  Motiograph,  then  known  as  the 
Enterprise  Optical  Mfg.  Co.,  that  about 
1897  I  disposed  of  my  interests  in  Sears, 
Roebuck  &  Co.  to  Mr.  Sears.  Two  years 
later,  with  a  feeling  of  sorrow  and  in  oppo- 
sition to  the  wishes  of  Mr.  Sears,  I  resigned 
from  the  company  which  we  had  founded. 

The  First  Movie  Projector 

The  year  1898  marked  an  important  era 
not  only  in  the  history  of  the  company,  but 
of  the  motion  picture  industry  as  well,  for 
in  that  year  we  produced  the  Optigraph. 
I  sincerely  believe,  after  considerable  re- 
search on  the  subject,  that  this  was  the  first 
practical  motion  picture  projector.  I  may 
also  quote  from  the  Modern  Theatre  sec- 
tion of  Boxoffice  of  December  14,  1935: 
'Who  built  and  marketed  the  first  com- 
mercially practical  moving  picture  ma- 
chine? .  .  .  The  result,  to  our  mind,  is 
somewhat  conclusively  in  favor  of  Motio- 
graph as  the  daddy  of  the  machines  that 
turned  magic  lantern  shows  into  movies." 

The  Optigraph  was  a  combination  mo- 
tion picture  projector  and  magic  lantern. 
You  may  form  an  idea  of  what  it  looked 
like  from  the  accompanying  illustration  as 
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well  as  I  can  describe  it  to  you.  In  order 
to  achieve  a  combination  machine,  I  had 
conceived  the  idea  of  a  hinge  which  per- 
mitted one  to  swing  open  the  lens  portion 
of  the  projector  and  insert  the  film.  It  was 
hand  operated  by  means  of  a  crank,  while 
lighting  was  obtained  by  means  of  an  in- 
candescent lighting  outfit  employing  gaso- 
line. Many  people  may  view  it  today  with 
something  akin  to  mirth,  but  at  the  time  it 
proved  itself  to  be  a  very  serviceable  little 
machine. 

The  ensuing  decade  constituted  what 
might  be  termed  a  period  of  development. 
A  number  of  improvements  were  made  in 
the  mechanism  including  a  very  simple  and 
efficient  framing  device,  while  the  addition 
of  a  film  takeup  reel  provided  an  element 
of  safety  and  greater  protection  for  the 
film.  All  in  all,  the  little  machine  was 
beginning  to  evolve  along  the  lines  of  the 
modern  projector. 

Model  "1A"  Motto  graph 

Our  real  entry  into  the  field  of  the  mo- 
tion picture  theatre  began  in  1908  when 
we  produced  the  Model  "1A"  Motiograph. 
In  many  respects  it  may  be  considered  as 
the  first  high  grade  modern  projector,  and 
I  still  think  it  a  splendid  piece  of  equip- 
ment. It  was  well  engineered,  and  I  under- 
stand that  in  recent  experimental  tests  it 
maintained  a  surprisingly  good  perform- 
ance. 

The  principal  points  of  the  Model  "1A" 
may  be  reviewed  briefly.  It  was  provided 
with  an  improved  shutter,  and  had  a  very 
accurate  Geneva  movement.  The  projector 
was  mounted  on  a  strong  cast  iron  pedestal, 
with  a  broad  circular  base  instead  of  small 
tubular  legs.  The  crank  and  stereopticon 
arrangement  of  the  earlier  models  was  re- 
tained. 

The  Model  "1A"  was  the  only  motion 
picture  machine  of  distinctive  design  that 
had  been  originated  and  constructed  since 
the  advent  of  the  motion  picture  theatre. 
A   series  of   changes  were   incorporated   in 


new  models  during  the  succeeding  years, 
including  the  first  double  shutter,  which 
appeared  in  the  Model  "D."  It  was  our 
constant  desire  to  maintain  our  margin  of 
superiority  by  means  of  improvements  and 


The  Optigraph,  generally  regarded  as  the  first 
practical  motion  picture  projector. 


new  inventions.     Nearly  one  hundred  suc- 
cessful patents  were  issued  to  me. 

The  next  really  important  epoch  in 
Motiograph  history  was  the  advent  of 
Model   "E"   in    1916.      Let    me   allude   to   a 
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few  of  the  principal  developments.  The 
motor  was  still  operated  by  means  of  belts, 
but  it  was  placed  beneath  the  lower  maga- 
zine, and  was  provided  with  a  speed  con- 
trol, so  that  speed  variation  became  abso- 
lutely mechanical  and  positive.  A  new  type 
of  condenser  mount  was  designed  to  permit 
the  removal  of  the  lenses  when  hot  without 


Model  "1A"  Motiograph. 

touching  with  the  fingers.  Both  the  stand 
and  the  magazines  embodied  revolutionary 
improvements  in  design  and  were  far  super- 
ior to  anything  else  in  the  field.  It  should 
be  noted  that  the  shutter,  the  crank  and  the 
stereopticon  arrangement  still  form  integral 
features  of  the  projector  of  that  date. 

A  Reputation  for  Quality 

If  I  may  be  permitted  to  digress  at  this 
point,  I  should  like  to  say  a  few  words  about 
the  basic  principle  which  guided  the  policy 
of  the  company,  and  which,  I  may  add, 
still  guides  it.    It  has  been  my  belief  that  a 


combination  of  well  made  parts,  efficient 
engineering,  experienced  workmanship  and 
improved  design  could  only  result  in  a 
projector  of  the  highest  quality.  When  in- 
troducing the  Model  "E"  in  1916,  I  en- 
deavored to  express  that  policy  in  the  fol- 
lowing terms: 

"Sensational  advertising  claims  are  all 
too  common  in  the  marketing  of  projectors. 

"But  the  daily  delivery  of  service,  easily, 
economically,  uncomplainingly,  the  depend- 
able readiness  to  do  everything  and  any- 
thing that  a  motion  picture  projector  ought 
to  do  when  placed  under  exacting  condi- 
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tions,  is  the  supreme  test  of  a  projector. 

"And  this  kind  of  service  is  possible 
only  from  projectors  that  are  designed  and 
built  by  builders  with  many  years  of  ex- 
perience in  the  projector  industry  and  vast 
resources  of  organization   equipment. 

"The  Enterprise  Optical  Mfg.  Co.  is 
such  an  organization,  having  been  building 
projectors  over  20  years,  and  we  claim  we 


dards  of  performance  and  length  of  serv- 
ice, has  always  represented  true  economy 
in  every  sense  of  the  word. 

To  elucidate  my  point,  I  can  only  point 
out  that  there  are  Model  C*F"  Motiographs 
— made  over  twenty  years  ago — still  giving 
good  service  in  a  number  of  theatres 
throughout  the  country. 

I  recall  that  when  projectors  were  to  be 


The  Motiograph  office  during  the  early  years  of  the  Roebuck  regime. 


have  in  the  Motiograph  De  Luxe  a  projec- 
tor unrivaled  in  beauty,  projection  and  en- 
durance. 

"We  realize  that  such  a  sweeping  claim 
of  superiority  will  not  pass  without  a  chal- 
lenge. 

"We  know  that  the  motion  picture  pro- 
jector expert  will  demand  a  strict  account- 
ing from  us. 

"And  we  welcome  this,  for  we  stand 
ready,  and  our  distributors  everywhere 
stand  ready,  to  prove  our  claim  for  perfect 
projection,  long  life  and  small  upkeep." 

Motiograph,   when   judged  by  the  stan- 


installed  at  the  Field  Museum  in  Chicago 
and  the  Municipal  Auditorium  in  Cleve- 
land, there  was  great  competition  among 
all  of  the  manufacturers  to  secure  the  use 
of  their  products.  Our  two  chief  compet- 
itors offered  their  projectors  without  cost 
in  order  to  secure  the  benefit  of  the  adver- 
tising which  would  result.  After  thorough 
testing,  Motiographs  were  chosen  for  both 
places — and    purchased    at    the    full    price! 

The  Model  "F" 

It   was  in    1921    that  we  introduced   the 
Model    "F"    Motiograph.      This    projector 
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soon  established   itself   as   the  monarch  of 
its   day. 

Among  the  many  improvements  present- 
ed in  this  model,  I  recall  chiefly  the  follow- 
ing. For  the  first  time,  the  mechanism  was 
enclosed,  which  gave  a  decidedly  improved 
appearance  to  the  entire  projector.     There 


Model  "F"  Motiograph 


was  likewise  a  better  lens  arrangement,  re- 
movable bearings,  and  a  variable  speed 
gripping  disc.  While  retaining  the  front 
type  of  shutter,  it  was  now  a  two  blade 
shutter,  and  with  a  timing  device  so  that 
it  could  be  timed  while  the  machine  was 
running. 

The  projector  was  provided  with  a  gen- 
erator with  a  capacity  of  six  volts  for  the 
pilot  lamp.  Much  work  had  been  devoted 
to  the  base,  which  had  been  improved  for 
tilting.  The  magazines  elicited  much  favor- 
able commendation,  and  were  provided 
with  peepholes.  One  notes  that  the  projec- 
tor is  still  equipped  with  a  crank,  although 
the    stereopticon    has    been    enclosed. 

The  End  of  an  Era 

The  Model  "F"  Motiograph — which  was 
a  marvel — was  the  last  produced  during  my 
tenure  of  ownership. 

After  so  many  years  in  the  manufacture 
of  motion  picture  projectors,  the  increasing 
pressure  of  other  interests  induced  me  to 
part  with  Motiograph.  In  1924  I  sold  the 
company,  and  for  some  years  gave  all  of  my 
time  to  my  Florida  realty  holdings. 

After  nearly  twenty-five  years,  however, 
one  cannot  entirely  lose  a  love  for  the  mo- 
tion picture  industry.  I  follow  the  progress 
in  design  of  the  postwar  Motiograph  with 
considerable  interest,  and  cannot  help  but 
reflect  on  the  tremendous  progress  which 
has  marked  projector  design  and  construc- 
tion during  the  present  century.  This  new 
postwar  model,  I  may  say,  with  its  startling 
developments  in  all  respects,  should  prove 
a  worthy  successor  to  the  famous  Motio- 
graph models  of  the  past. 


The  Period  from  1924  to  1941 


One  of  the  Motiograph  officials  has  added  a  few  supplementary 
re/narks  to  the  article  by  Mr.  Alvah  Roebuck  to  cover  the  re- 
mainder of  the  period  prior  to  World  War  II. 
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In  1924  Mr.  Roebuck  disposed  of  Motio- 
graph,  then  known  as  the  Enterprise  Op- 
tical Mfg.  Co.,  to  a  group  consisting  of 
Francis  E.  Matthews,  Walter  Hammons 
and  O.  M.  Spahr.  Mr.  Spahr,  who  began  in 
1911  and  was  general  manager  at  the  time 
of  the  sale,  was  named  president  and  en- 
trusted with  the  active  direction  of  the 
company. 

Sound  then  came  into  the  picture.  Our 
answer  was  the  Model  "H".  The  greatest 
innovation,  of  course,  was  the  new  Motio- 
graph  sound  system,  which  reproduced 
both  sound  on  film  and  Vitaphone  records. 

Among  the  principal  modifications  in 
this  model  were  minor  changes  in  the 
mechanism  and  a  cylindrical  type  double 
blade  rear  shutter,  which  improved  the 
light  on  the  screen  and  eliminated  excess 
heat  on  the  film.  There  was  a  pinion 
framer,  operated  by  means  of  a  rather  large 
wheel  placed  behind  the  lower  magazine, 
while  the  installation  of  sound  had  made 
necessary  some  important  modifications  in 
the  construction  of  the  base.  The  projector 
was  provided  with  a  low  intensity  Mono- 
graph arc  lamp,  with  switch  and  rheostat 
in  the  box  below. 

This  Model  "H"  was  perhaps  as  well 
constructed  as  any  of  the  Motiograph 
models  of  the  past  even  though  we  were  all 
more  or  less  experimenting  with  sound  at 
this  time. 

We  instituted  a  sort  of  "New  Deal"  of 
our  own  in  193  5,  and  since  that  time  the 


Company  has  manifested  a  steady  and  un- 
interrupted progress.  The  Matthews  family 
took  over  the  interests  of  Mr.  Spahr,  who 
resigned  from  the  presidency,  and  Mr.  H. 
Thorwell  Matthews  began  a  period  of  ac- 
tive service.  I  might  add  that  the  Matthews 
interests  secured  complete  control  by  pur- 
chasing the  shares  of  Mr.  Walter  Hammons 
in   1937. 


Model  "H"  Motiograph 
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Motiograph's  Model  "K." 


FROM  1924  TO  1941 
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In  193  5  we  also  had  a  new  projector,  the 
Model  "HU,"  which  was  really  an  im- 
proved model  of  the  old  model  "H."  This 
model  enabled  us  to  secure  greater  adapt- 
ability to  sound  systems  of  the  manufac- 
turer. 

Steady  Progress 

By  1936  we  had  begun  to  get  out  of  the 
woods  and  entered  upon  a  period  of  rapid 
progress.  In  that  year  we  had  both  a  new 
name  and  a  new  projector. 

The  change  of  name  took  place  on  March 
1st,  1936,  when  the  Company  stopped  call- 
ing itself  the  Enterprise  Optical  Mfg.  Co. 
and  became  known  by  its  trade  name  of 
Motiograph. 

The  new  projector  was  the  well  known 
Model  "K."  The  main  features  of  this  piece 
of  equipment  are  so  well  known  to  theatre 


owners  and  projectionists  that  I  shall  allude- 
to  them  only  briefly.  We  changed  from 
single  to  double  bearings,  installed  a  one 
piece  shutter,  and  made  various  improve- 
ments in  the  mechanism.  The  projector  was 
provided  with  an  improved  base,  and  a 
faster  framing  device,  located  in  the  front 
of  the  mechanism. 

Motiograph,  I  might  add,  now  has  a 
sound  system  comparable  to  any  in  the 
field.  The  start  of  the  present  line  was 
made  in  193  8,  just  after  we  had  signed  an 
agreement  with  Electrical  Research  Prod- 
ucts, Inc.,  a  Western  Electric  Company 
subsidiary,  which  permitted  the  full  use  of 
the  many  Western  Electric  patents  on 
sound  reproducing  systems.  The  Mirro- 
phonic  sound  system,  when  combined  with 
the  fine  engineering  qualities  of  the  Model 
"K,"  really  made  for  a  first  class  line  of 
sound  and  projection  equipment. 


A  section  of  the  old  Motiograph  plant,  taken  about  thirty  years  ago. 


42 


SOUND  TRACK  THEATRE  BOOK 


Some  Old  Time  Projectors 


From  time  to  time  The  Sound  Track  receives  some  interesting 
letters  telling  of  remarkable  records  of  performance  by  early 
models  of  projection  equipment.    A  few  of  these  arc  reproduced. 


"After  reading  the  October  issue  of  THE 
SOUND  TRACK,  I  am  prompted  to  write  you 
^concerning  the  following.  Two  years  ago  I  visited 
a  friend  of  mine  in  North  Carolina,  and  found 
that  he  was  using  two  Model  '1A'  (1908) 
Motiograph  projectors  in  his  theatre.  He  had  of 
course  used  quite  a  bit  of  ingenuity  in  convert- 
ing them  to  sound;  but  the  main  thing,  the  pic- 
ture was  rock-steady  and  as  near  perfect  as  you 
see  in  any  theatre.  I  felt  sure  that  you  would 
like  to  know  that  a  Motiograph  'antique'  was 
still  in  operation." 


JAMES  DUNCAN 


Cherokee  Amusements,  Inc. 
Lenoir  City,  Tenn. 


"This  is  a  letter  of  appreciation  to  Motiograph 
'know  how'  for  manufacturing  a  masterpiece  of 
motion  picture  projection  and  sound  equipment. 
My  employer  purchased  my  present  Motiograph 
projectors  and  sound  equipment  July  18,  1941, 
and  I  am  proud  to  say  that  up  to  this  writing  this 
equipment  is  performing  masterfully  and  doing 
a  wonderful  job.  Parts  replacements  have  been 
nil,  and  only  a  very  slight  wear  is  apparent  of 
any  component  part. 

"Prior  to  purchasing  the  present  equipment, 
Mr.  Coyle,  my  employer,  had  purchased  in 
March  of  1924  the  Model  'F'  Motiograph,  and 
1 7  years  later  these  projectors,  at  a  total  main- 
tenance cost  of  only  $245.00,  were  pensioned  for 
the  current  Model  K'  which  I  am  now  using. 
That  is  why  I  like  Motiograph." 


WAYNE   E.   MICKELSON 


Coyle  Theatre 
Charleroi,  Pa. 


"This  is  a  follow-up  on  the  letter  of  Mr. 
Wayne  E.  Mickelson  of  Charleroi,  Pa. 

"Recently  I  installed  the  booth  and  sound 
equipment  in  the  Roxy  Theatre,  Bentleyville,  Pa., 
and  in  checking  with  the  exhibitor  I  found  it  is 
the  former  equipment  from  the  Coyle  Theatre, 
Charleroi,  Pa. 

"The  Model  'F  Motiograph  Projectors  referred 
to  in  Mr.  Mickelson's  letter  have  been  removed 
from  'pension'  and  'recommissioned'  to  service, 
at  least  for  the  duration. 

"With  very  little  adjustment  they  started  off 
and  again  are  doing  a  good  job. 

"When  the  exhibitor's  propaganda  system 
started  working  and  the  'natives'  found  out 
where  the  equipment  came  from,  the  average 
comment  was  'Coyle  always  had  a  good  show.' 
This  is  also  a  plug  for  Western  Electric  Sound, 
which,  by  the  way,  is  not  so  bad  either. 

"I  guess  it  is  not  known  just  what  the  retire- 
ment age  is  for  Motiograph.  THE  SOUND 
TRACK  is  well  read  and  appreciated  by  the  pro- 
jectionists in  my  territory.  Keep  up  the  good 
work." 

A.  W.  ALEXANDER 
Altec  Inspector 
1 1  Jonquil  Place 
Mt.  Lebanon 
Pittsburgh  16,  Pa. 

"The  Motiograph  has  always  been  'tops'  with 
me,  in  fact,  for  years.  I  personally  installed  the 
first  super  Motiograph  with  the  high  intensity 
arcs  (G.E. )  in  Nixon  Theatre,  West  Philadel- 
phia, Pa.  At  that  time  I  worked  for  Williams, 
Browne  &  Earle,  918  Chestnut  St.,  Philadel- 
phia, Pa.  That  was  back  in  1922." 

GEORGE  C.  MEESER. 
Broad  St.  Theatre 
Nazareth,  Pennsylvania. 
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Motiograph  Model  "AA.' 
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PROJECTORS— PRESENT  DAY  MODELS 


The  Present  T>ay  Projector 

A  Description  of  the  Nlotiograph  "A A" 

By  EMIL  J.  WIENKE 


The  Motiograph  rrAA"  was  the  first  of  the  projector  models 
of  postwar  design.  A  description  of  it  is  therefore  given  in  con- 
siderable detail  as  illustrative  of  the  recent  trends  in  motion 
picture  engineering. 


The  massive  streamlined  housing  of  the 
Motiograph  Model  "AA"  is  a  one-piece 
casting  that  encloses  all  the  working  parts 
of  the  mechanism,  including  the  double 
shutter.  The  reinforced  center  frame  is  a 
part  of  the  housing  itself,  which  removes 
all  possibility  of  vibration  and  resultant 
picture  unsteadiness.  The  projector  housing 
is  large,  being  1 5  inches  high,  1 1  inches 
deep  and  1 8  inches  long,  yet  its  weight  is 
not  cumbersome,  since  it  is  constructed  of 
light  but  strong  aluminum. 

The  front  door  is  also  aluminum  and  is 
provided  with  two  windows,  so  that  the 
film  can  be  observed  as  it  passes  over  the 
sprockets.  The  gear  side  of  the  housing  is 
equipped  with  a  dustproof  aluminum  cover 
firmly  held  in  place  by  three  Allen  cap 
screws.  The  case,  door  and  cover  are  of 
smooth  streamlined  design,  with  no  sharp 
projecting  corners   to  injure  the  hands  or 


tear  the  clothing.  The  entire  appearance 
conforms  to  accepted  concepts  of  modern 
design. 

Mechanism  Construction 

The  Model  "AA"  is  designed  so  that  in 
case  of  necessity  each  unit  or  component  in 
the  entire  mechanism  can  be  quickly  and 
easily  removed,  and  can  be  just  as  quickly 
and  easily  replaced  in  its  correct  position. 
Most  of  the  units  are  locked  in  place  by 
Allen  screws,  after  being  located  in  their 
correct  position  by  steel  dowels  solidly  set 
in  the  housing.  The  projectionist  can  thus 
remove,  and  subsequently  replace,  tracks, 
shoes,  apertures,  lenses,  gears,  upper  and 
lower  feed  sprockets,  idler  rollers,  etc.,  in 
a  few  seconds'  time.  Even  the  intermittent 
sprocket  can  be  reversed,  without  taking 
the  movement  from  the  mechanism,  in  less 
than  a  minute.  The  intermittent  movement 
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itself  can  be  removed  from  the  operating 
side  and  be  replaced  and  retimed  in  between 
reels.  So  simple,  in  fact,  is  the  construction 
of  the  "AA"  that  the  machine  can  be  taken 


and  stains.  All  steel  gears  mesh  smoothly 
into  laminated  bakelite  gears,  which  makes 
for  unusually  silent  operation  and  excep- 
tionally long  life. 


The  operating  side  of  the  Motiograph  "AA. 


apart  even  down  to  small  sub-assemblies 
and  parts,  and  then  be  put  back  together  in 
perfect  working  order  in  less  than  one  hour. 

Stainless  steel  is  utilized  as  the  basic  raw 
material  in  all  parts  subject  to  wear  and 
handling.  The  liberal  use  of  stainless  steel 
gives  added  years  of  life  to  such  parts,  and 
makes  them  free  of  any  possibility  of  rust 


Lubrication 

A  unique  feature  of  the  Model  "AA"  is 
that  all  gears  and  shafts  run  freely  on  long- 
wearing  double  row  ball  bearings.  These  ball 
bearings  are  lubricated  for  their  long  life- 
time, and  there  is  thus  no  necessity  for  oil- 
ing and  greasing  at  any  time.  The  only  extra 
lubrication  required  is  a  semi-annual  greas- 
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ing  of  the  intermittent  movement  and  of 
the  hollow  pivot  shafts  on  the  two  self  ad- 
justing film  guide  rollers.  As  the  ball  bear- 
ings,   intermittent    movement,    and    guide 


below  the  projector  mechanism.  Longer  life 
for  each  moving  part  will  definitely  result 
from  the  use  of  these  pre-lubricated  ball 
bearings,    which   are   now   regarded   as    the 


The  Motiograph  "AA"  mechanism,  with  door  removed  from  the  operating  side. 


rollers  are  firmly  sealed,  there  is  no  possibil- 
ity of  lubricant  leakage,  and  the  projector 
mechanism  and  the  film  remain  utterly  free 
from  the  dirt  picked  up  by  oily  surfaces. 

The  result  is  better  film  life  and  clearer 
pictures,  and  there  can  be  no  damage  to 
optical   elements   in    the   sound   reproducer 


most  modern  and  effective  method  of  giv- 
ing to  machinery  the  characteristics  of 
vastly  improved  wearing  qualities,  and 
smooth  and  silent  operation. 

Wiring 

The  principles  of  modern  engineering  and 
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simplicity  of  operation  and  replacement 
which  are  characteristic  of  the  Motiograph 
"AA"  are  well  exemplified  in  the  wiring  of 


If  the  necessity  should  arise  for  the  re- 
placement of  the  mechanism,  the  wiring  to 
the  framing  light,  mechanism  light  and  the 


The  gear  side  of  the  Motiograph  Model  "AA. 


the  mechanism.  A  number  of  features  in 
this  respect  are  to  be  found  in  no  other 
projector. 


change  over  device  is  all  contained  in  one 
plug.  This  plug  can  be  pulled  out  of  the 
receptacle  connector,  which  is  fastened  to 
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the  main  frame  of  the  mechanism.  In  this 
manner,  the  head  may  be  removed  without 
disconnecting  any  wires. 

Ventilation 

The  ventilating  system  of  the  Model 
"AA"  has  aroused  much  favorable  com- 
ment among  projection  experts.  A  one-piece 
cylindrical  fan  located  near  the  top  of  the 
projector  immediately  above  the  picture 
aperture  is  associated  with  both  the  double 
shutter  and  fire  shutter  governor.  This  fan 
draws  clean  room  temperature  air  up 
through  the  double  shutter  and  across  the 
aperture,  and  then  discharges  the  warm  air 
through  an  opening  at  the  top  of  the 
mechanism. 

Though  the  flow  of  air  at  the  aperture  is 
considerable,  the  air  is  not  forced  into  or 


drawn  out  of  the  lamp  house,  and  thus  no 
carbon  dust  is  drawn  into  the  mechanism. 
Neither  is  there  any  necessity  for  a  glass 
filter  between  the  light  source  and  shutter 
to  prevent  disturbance  of  the  tail-flame  of 
the  arc. 

The  Intermittent  Movement 

The  hardened  steel  parts  of  the  move- 
ment are  ground  to  exacting  tolerances, 
thus  making  possible  its  flawless  function- 
ing. Ball  bearings,  together  with  an  ade- 
quate grease  reservoir,  assure  perfect  move- 
ment lubrication. 

The  movement  may  be  quickly  and  easily 
removed  from  the  operating  side  of  the 
mechanism,  and  is  just  as  readily  replaced. 
The  intermittent  sprocket,  which  is  firmly 
held  in  correct  position  on  the  star  shaft  by 


S  f 


Motiograph  "AA"  intermittent  movement. 
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Front  view  of  the  Motiograph  Model  "AA"  mechanism. 
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an  entirely  new  method,  can  be  reversed  in 
a  few  minutes'  time  without  removing  the 
intermittent  movement  from  the  mechan- 
ism. 

The  Double  Shutter 

The  Motiograph  "AA"  shutter  gives 
maximum  screen  illumination  and  the  ut- 
most in  picture  definition  without  appre- 
ciable flicker  or  travel  ghost.  The  shutter 
rotor  has  integral  cooling  fins  which  serve 
to  circulate  cool  air  over  its  bearings  and 
over  the  picture  aperture. 

One  of  the  most  remarkable  improve- 
ments of  the  Motiograph  Model  "AA" 
mechanism  is  the  setting  of  the  shutter  in 
relation  to  the  intermittent  sprocket.  This 
adjustment,  while  extremely  simple,  is  both 
accurate  and  fast. 

The  double  shutter  is  provided  with  a 
simply  operated  timing  adjustment  which 
permits  fine  timing  corrections  while  the 
mechanism  is  in  motion  by  merely  turn- 
ing a  knob  located  on  the  front  of  the 
mechanism. 

The  double  shutter,  like  all  other  moving 
parts,  is  entirely  contained  within  the  pro- 
jector housing. 

The  Film  Path 

The  film  enters  the  projector  from  the 
upper  magazine  by  way  of  a  fire  trap  unit 
having  four  properly  designed  quenching 
rollers,  with  a  long  chute  in  between  the 
rollers.  It  then  passes  around  a  hardened 
steel  guide  roller  to  the  upper  feed  sprocket. 
This  roller,  along  with  the  pad  roller  of  the 
sprocket,  steadies  the  motion  of  the  film  as 
it  enters  the  mechanism.  There  is  thus  a 
complete  absence  of  the  tendency  for  the 
film  to  jerk  and  slap  as  it  comes  from  the 
magazine — a  fault  common  in  mechanisms 
of  older  design. 

From  the  upper  feed  sprocket  the  film 
loops  upward  and  to  the  rear  to  enter  the 
gate  of  the  mechanism,  through  which  it  is 
pulled  by  the  intermittent  sprocket  located 


directly  below  the  gate,  while  held  in  com- 
pliance by  a  separate  intermittent  sprocket 
shoe.  After  leaving  the  intermittent  sprock- 
et, the  film  loops  downward  and  again 
toward  the  rear,  and  then  forward,  passing 
over  and  around  the  lower  feed  sprocket. 
Double  pad  rollers  on  this  sprocket  securely 
hold  the  film  in  engagement  and  assist  ma- 
terially in  smoothing  out  the  pulsating  film 
travel  produced  by  the  intermittent  action. 
In  this  way  the  motion  of  the  film  is  smooth 
and  steady  as  it  leaves  the  projector  to  enter 
the  sound  reproducer.  This  point  is  of  im- 
portance, for  the  film  motion  stabilizing 
system  of  the  sound  reproducer  thus  does 
not  have  to  cope  with  gross  irregularities 
produced  by  the  intermittent  action.  Better 
sound  quality  inevitably  results. 

The  MAA"  film  gate  opens  forward  to 
provide  a  full  inch  clearance  between  tracks 
and  shoes.  The  gate  is  opened  by  a  quarter 
turn   of   a   large   and    conveniently    placed 


Bakelite    gear,    with    ball    race    inserted, 

employed     in      the      Motiograph      "AA" 

mechanism. 
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operating  knob  and  closes  automatically  by 
simply  pressing  inward  on  the  same  knob. 
The  one  inch  clearance  permits  exception- 
ally easy  cleaning  of  the  aperture,  tracks 
and  tension  shoes,  and  obviously  makes 
threading  an  extremely  simple  operation. 

The  tracks  and  aperture  are  combined 
into  one  sturdily  constructed  unit  of  stain- 
less steel,  and  this  unit  is  easily  removable 
from  its  support  casting  for  routine  inspec- 
tion and  cleaning.  The  film  is  guided  over 
the  tracks  with  a  complete  absence  of  side- 
sway  by  means  of  rugged,  self-adjusting 
guide  rollers  located  just  above  and  just  be- 
low the  aperture  opening.  The  guide  rollers 
run  on  hardened  pivot-type  internally  lu- 
bricated bearings.  They  are  large  in  diame- 
ter, and  are  made  of  hardened  steel  to 
insure  extremely  long  life. 

The  two  long  film  tension  shoes  extend 
the  full  length  of  the  film  tracks,  and  for 
perfect  alignment  they  are  combined  into 
one  rigid  unit.  This  unit  is  held  to  the  gate 
assembly  by  a  unique  gunlock  mechanism 
which  permits  easy  removal  for  cleaning. 
The  unit  snaps  back  into  its  correct  posi- 
tion at  the  touch  of  a  finger,  and  there  is 
no  chance  for  misalignment  or  for  disturb- 
ance of  the  tension  adjustment. 

The  shoe  tension  device  is  likewise  unique 
in  design.  It  is  controlled  by  a  calibrated 
indicator  lever  having  three  settings — 
"low"  for  new,  green  film;  "standard"  for 
average  condition  film;  and  "high"  for 
badly  buckled  older  film.  The  setting  can 
be  changed  with  the  projector  in  operation. 
The  tension  device  is  cam-operated. 

To  insure  adequate  and  positive  engage- 
ment of  the  film  on  the  intermittent 
sprocket,  a  separate  intermittent  sprocket 
shoe  is  provided.  This  shoe  holds  the  film  in 
place  over  five  sprocket  teeth,  and  is  self- 
aligning  in  design.  The  shoe  proper  is,  of 
course,  made  of  long  wearing  steel,  and  is 
carefully  ground  and  polished.  The.  shoe 
support  mechanism  opens  by  means  of  an 
easily  accessible  double  finger  grip,  and 
closes  by  a  light  touch  of  the  mechanism 
actuating  button. 


The  simple  direct  film  path,  the  easily 
operated  pad  roller  brackets,  the  automatic 
closing  devices  on  the  gate  and  intermit- 
tent sprocket  shoe  mechanisms,  and  the 
liberal  working  room  throughout  the  pro- 
jector, all  combine  to  make  the  "AA" 
easy  and  convenient  to  thread  and  op- 
erate. To  further  facilitate  perfect  thread- 
ing and  to  make  the  operation  simple,  an 
illuminated  framing  aperture  is  provided  at 
the  top  of  the  track  support  casting. 

In  forming  the  upper  film  loop,  the  film 
is  placed,  in  frame,  on  locating  pins  on 
either  side  of  this  aperture.  As  the  film  is 
drawn  downward  over  the  tracks,  it  is 
automatically  and  exactly  framed  in  the 
actual  picture  aperture  below.  Framing  can 
be  checked  at  any  time  prior  to  starting  the 
machine  by  merely  bending  the  upper  film 
loop  back  over  the  framing  aperture. 

Perfect  Optical  Alignment 

The  track  and  aperture  support  casting, 
the  tension  shoe  support  casting,  as  well  as 
the  lens  mount,  are  all  attached  to  one  cast- 
ing fastened  to  the  center  frame,  which 
gives  perfect  optical  alignment  at  all  times. 

The  lens  mount  accommodates  any  make 
or  model  and  virtually  any  size  of  projec- 
tion lens.  The  lens  mount  travels  in  two 
steel  "V"  rails.  The  upper  rail  is  held  rigidly 
in  the  one  position  that  assures  perfect  align- 
ment of  the  lens  barrel  with  the  picture 
aperture.  The  lower  rail  may  be  adjusted 
upward  to  take  up  any  slight  wear  that 
might  occur  after  many  years  of  operation. 

An  entirely  new  type  of  locking  device 
holds  the  lens  in  firm  optical  alignment.  An- 
other new  device  makes  possible  the  removal 
of  the  lens  for  cleaning  and  subsequent  re- 
placement without  the  necessity  for  refo- 
cusing.  The  focusing  control,  which  may  be 
operated  from  either  side  of  the  projector, 
is  smooth,  precise,  and  positive  in  action. 
The  entire  lens  barrel  assembly,  including 
the  lens  locking  and  focusing  device,  may 
be  taken  out  of  the  mechanism  as  a  unit  by 
the  removal  of  but  two  Allen  screws. 


THE  PRESENT  DAY  PROJECTOR 


53 


Framing 

Framing  is  accomplished  by  moving  the 
intermittent  movement  carriage  vertically 
on  steel  "V"  rails  firmly  attached  to  an 
opening  in  the  mechanism  center  frame. 
Large  control  handles  are  on  either  side 
of  the  mechanism.  These  are  carried  by  a 
sturdy  through-shaft,  which  also  mounts  a 
pinion  to  engage  an  associated  rack  on  the 
movement  carriage.  This  patented  feature 
will  always  hold  the  intermittent  move- 
ment firmly  in  the  desired  position,  as  no 
gear  back-lash  can  develop. 


between  the  projector  mechanism  .\nd  the 
sound  reproducer  during  framing,  and  no 
complex  toggle  gearing  is  required  to  pre- 
vent  such   disturbance. 

Fire  Shutter  and  Governor 

The  newly  designed  fire  shutter  governor 
in  the  "AA"  mechanism  is  ruggedly  and 
simply  constructed  to  insure  reliability  in 
this  important  part  of  the  mechanism.  It 
operates  at  sufficient  velocity  to  have  ade- 
quate   power    to    overcome    all    friction    in 


Gear  drive  assembly  unit  of  the  Motiograph  "AA." 


On  the  operating  side  of  the  projector 
there  is  a  dial  indicator  to  show  the  exact 
position  of  the  carriage  with  respect  to  the 
aperture.  The  projectionist  can  thus  in- 
stantly set  the  carriage  to  its  center  posi- 
tion before  commencing  the  threading  op- 
eration, and  can  see  the  direction  to  turn 
the  control  in  case  of  a  misframe  during 
a  reel  without  shifting  the  frame  line  com- 
pletely up  and  down  the  screen. 

The  framing  action  is  rapid  and  positive. 
A  one-third  turn  of  the  control  knobs 
shifts  the  picture  a  complete  frame.  The 
entire  framing  device  is  so  balanced  and 
tensioned  as  to  prevent  framing  drift,  while 
still  providing  for  very  smooth  and  easy 
operation  of  the  controls. 

Since  only  the  intermittent  sprocket 
moves  with  respect  to  the  picture  aperture, 
there  can  be  no  disturbance  of  the  film  loop 


the  connection  linkage,  and  to  lift  the 
exceptionally  heavy  fire  shutter  proper. 
Springs  aid  the  closing  action  and  help  to 
provide  for  positive  closing  the  instant  the 
film  speed  falls  to  fifty-five  feet  per  minute. 
The  heavy  shutter  and  its  well-designed 
actuating  mechanism  thus  make  the  "AA" 
an  exceptionally  safe  machine  to  operate 
from  the  viewpoint  of  fire  hazards. 

A  manual  light  lever  for  the  fire  shutter 
is  provided  near  the  upper  part  of  the  track 
support  casting  to  facilitate  screen  light 
checks  with  the  projector  at  rest. 

Inter  change  ability 

The  "AA"  is  designed  to  be  used  with 
any  modern  sound  reproducer  and  any  make 
of  upper  magazine  without  changing  the 
existent  projector  drive  and  without  using 
mechanism  plates  or  adapters  of  any  kind. 
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The  "AA"  Base 

The  new  base  provides  for  precise  hori- 
zontal and  vertical  optical  alignment,  as  its 
lamp  house  carriage  may  be  moved  from 
side  to  side,  while  the  sound  reproducer 
support  bracket  may  be  easily  raised  or  low- 
ered. When  securely  locked  in  place,  the 
utmost  stability  is  achieved  for  the  lamp, 
sound  reproducer  and  mechanism.  Leveling 
screws  are  provided  to  compensate  for  ir- 
regularities in  the  projection  room  floor, 
and  the  tilting  device  makes  perfect  pro- 
jection possible  regardless  of  the  projection 
angle.  The  base  is  provided  with  an  arc 
switch  of  the  100  ampere  double-pole 
single-throw  type,  as  well  as  a  heavy  duty 
motor  starting  switch,  accessible  from 
either  side  of  the  projector. 

The  ffAA"  Magazines 

A  full  1  8  inches  in  diameter,  Motiograph 
"AA"  magazines  accommodate  2,000  foot 
reels  with  ample  room  for  convenient  load- 
ing and  threading  of  the  film.  Both  the 
bodies  and  the  doors  are  of  heavy  construc- 
tion, while  the  hinges  are  cast  and  are  nickel 
plated.  They  are  equipped  with  fire-trap 
rollers  that  are  quickly  demountable  for 
cleaning.  The  magazines  are  wider  than  the 
conventional  ones  in  order  to  accommodate 
bent  reels  without  scraping  the  sides  of  the 


magazines.  The  upper  magazine  is  provided 
with  an  adjustable  reel  shaft  tension  device, 
which  prevents  even  the  heaviest  reel  from 
overrunning  and  causing  film  breakage. 


"I  understand  that  you  lived  next  door 
to  her  before  she  became  a  screen  star." 

"Yes.  We  were  the  same  age  then,  but 
now  I'm  forty  and  she's  twenty-six." 
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Technical  T)ata  on  the  Model  "AA" 


In  order  that  theatre  owners,  projection- 
ists and  motion  picture  engineers  may  have 
a  good  idea  of  the  "AA,"  the  present 
object  is  to  present  some  of  the  technical 
details  which  go  to  make  up  this  pro- 
jector. 

The  underlying  thought  in  regard  to  the 
"AA"  was  that  it  must  be  a  mechanism  of 
completely  new  design  rather  than  simply 
a  revision  of  earlier  Motiograph  projectors. 
The  designers  were  thus  unhampered  by 
traditions  and  customs,  except  in  the  mat- 
ter of  mounting  and  drive  arrangements, 
and  were  free  to  use  improved  materials, 
finishes  and  processes  which  were  derived 
from  war  work,  including  Motiograph's 
own  work  in  producing  precision  machined 
components  and  major  assemblies  for  ord- 
nance equipment. 

The  Projector  Housing 

To  provide  for  accurate  alignment  of 
components  and  stability  in  operation,  the 
housing  of  the  Motiograph  "AA"  is  a  one- 
piece  casting  enclosing  all  the  working 
parts  of  the  mechanism.  The  large  cast 
door,  hinged  at  the  front,  provides  access 
to  the  interior  of  the  film  compartment  for 
threading,  and  its  double  windows  permit 
the  upper  and  lower  film  loops  to  be  readily 
observed  during  operation.  A  tubular  ex- 
tension of  the  main  frame  casting  supports 
the  lens  carriage  with  exceptional  rigidity. 


The  drive  gear  compartment  on  the  drive 
side  of  the  mechanism  is  equipped  with  a 
dustproof  cast  cover  firmly  held  in  place 
by  Allen  cap  screws.  This  construction  is 
made  possible  by  the  fact  that  little  access 
to  the  drive  side  is  required,  and  thus  harm- 
ful dirt  and  grit  are  kept  out  of  the  work- 
ing components  of  the  machine. 

Most  of  the  working  parts  are  supported 
by  the  reinforced  center  frame,  which  is  an 
integral  part  of  the  housing  casting.  It  stiff- 
ens the  housing,  and  provides  the  rigid  and 
stable  supporting  means  for  the  film  drive 
components  and  for  the  optical  elements  re- 
quired for  minimum  machine  vibration  and 
maximum  steadiness  in  the  projected  pic- 
ture. The  entire  housing  is  quite  large  by 
former  standards,  being  1 5  inches  high,  1 1 
inches  deep  and  1  8  inches  long.  The  weight 
is  not  cumbersome,  however,  for  all  of  the 
major  castings  are  made  of  light  but  strong 
aluminum  alloy.  The  housing  corners  are 
rounded  and  its  contours  are  smooth.  The 
general  appearance  conforms  to  accepted 
concepts  of  modern  streamlined  design 
while  preserving  functional  efficiency. 

Construction  of  Mechanism 

The  Motiograph  "AA"  projector  is  of 
unit  construction,  with  all  major  compo- 
nents easily  removable  for  inspection,  clean- 
ing or  servicing  without  the  necessity  for 
disassembling  the  machine.  In  the  drive  gear- 
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ing,  this  has  been  accomplished  by  the  vir- 
tual elimination  of  long  shafts  carrying  nu- 
merous gears.  Power  is  transmitted  to  the 
various  film  drive  points  by  hardened  steel 
gears  meshing  smoothly  into  laminated 
bakelite  gears.  The  gears  run  on  grease- 
packed  double-row  ball  bearings  which  are 
rigidly  supported  by  studs  locked  into  the 
mechanism  center  frame.  The  gear  meshes 
require  no  lubrication  other  than  an  origi- 
nal film  of  lubricant  as  long  as  they  are  kept 
clean,  for  experience  indicates  that  gear 
wear  results  primarily  from  the  lapping 
action  caused  by  dirt  and  grit  brought  in 
by  frequent  hand  oiling  or  by  poorly  fil- 
tered lubrication  systems  of  the  continuous 
or  distributed  type. 

This  is  brought  out  in  the  diagram  of  a 
typical  gear  assembly  (Fig.  1).  Item  6  is 
the  supporting  stud  which  is  locked  in  place 
in  the  center  frame  by  the  screw,  Item  4. 
Item  7  is  the  double-row,  sealed  ball  bear- 
ing which  supports  the  Item  5  gear  assem- 
bly.   These  bearings  are  the  lubricated-for- 


life  type,  and  almost  indefinite  wear  may 
be  expected.  The  bearings  are  held  in  place 
on  the  gear  hubs  by  snap  rings,  Item  1.  The 
gear  and  bearing  assemblies  are  locked  se- 
curely to  their  mounting  studs  by  the  rein- 
forced decorative  dust  caps,  Item  3,  and 
the  Allen  cap  screws,  Item  2. 

Figure  2  shows  the  simple  and  rugged 
gear  train  of  the  "AA"  Projector.  Power 
from  the  drive  shaft  at  the  bottom  of  the 
mechanism  is  transmitted  by  gear  combina- 
tions to  the  ball  bearing  supported  vertical 
shaft  just  back  of  the  intermittent  move- 
ment flywheel.  This  shaft  passes  through 
and  is  keyed  to  a  wide,  movable  pinion 
which  meshes  with  the  drive  pinion  on  the 
intermittent  movement  cam  shaft,  thus 
permitting  the  movement  to  be  shifted 
vertically  for  picture  framing.  Furthermore, 
the  position  of  the  wide  pinion  with  respect 
to  its  mating  pinion  on  the  movement  is 
adjustable  to  provide  a  continuously  varia- 
ble shutter  timing  control  which  may  be 
operated  with  the  projector  running.  Since 


Fig.   1.    Typical  gear  assembly. 
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this  control  moves  with  the  intermittent 
carriage,  it  is  extended  to  the  front  of  the 
mechanism  housing  by  means  of  a  flexible 
shaft. 


above  the  main  drive  shaft,  and  it  also  car- 
ries the  drive  gear  for  the  vertical  shaft.  The 
gear  on  the  upper  is  above  the  upper  large 
bakelite  idler  gear.    This  idler  and  those  to 


Fig.  2.    Motiograph  "AA"  projector  mechanism,  drive  side,  cover  removed. 


Both  the  upper  and  lower  feed  sprockets 
of  the  projector  are  driven  by  stub  shafts 
carrying  on  their  drive  ends  suitable  gears 
to  mesh  into  the  main  gear  train  at  the  re- 
quired points.  The  lower  such  shaft  is  just 


the  right  of  it  transmit  power  to  the  shafts 
carrying  the  shutter  rotors  and  to  the  shaft 
of  the  blower  and  fire  shutter  actuator. 

The  main  drive  of  the  "AA"  projector  is 
made   in    the   form   of   a   socket   shaft   into 
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which  the  soundhead  drive  unit  may  be 
clamped  in  order  to  eliminate  the  need  for 
oiling  of  the  sound  reproducer's  projector 
drive  assembly,  and  to  provide  a  more 
rugged  construction  at  this  critical  point. 


and  since  the  drive  shaft  requires  no  addi- 
tional lubrication  during  the  long  life  of  its 
sealed  ball  bearings,  the  risk  of  damage  to 
soundhead  optical  components  from  ex- 
cessive oiling  and  oil  leakage  is  eliminated. 


Ro„^ 


Fig.    3.     Drive    Shaft. 


Referring  to  diagram  Figure  3,  the  tubular 
shaft  and  socket  unit,  Item  1,  runs  in  the 
sealed  ball  bearing,  Item  3,  and  in  a  similar 
bearing  set  into  the  center  frame  of  the 
mechanism.  The  Item  3  bearing  is  seated  in 
an  auxiliary  rib  of  the  main  housing  by 
easily  operated  clamps,  so  that  the  entire 
drive  unit  may  be  quickly  and  simply  re- 
moved or  replaced  in  operating  position. 
The  soundhead's  drive  unit  is  locked  into 
the  socket  shaft  by  the  set  screws,  Items  2 
and  5,  and  the  heavy-duty  pinion,  Item  4,  is 
fixed  on  the  tubular  shaft  by  the  Item  6 
key.  The  large  end  of  the  shaft  is  provided 
with  a  belt  groove  for  driving  lower  maga- 
zine takeups  when  the  projector  is  operated 
with  certain  older  sound  reproducers  hav- 
ing no  take-up  drive  facilities  of  their  own. 
This  drive  construction  eliminates  the  pos- 
sibility of  damage  to  projector  gears  due  to 
poor  alignment  between  the  projector  and 
soundhead.  There  are  no  long  sleeve  bear- 
ings to  bind  from  inadequate  lubrication, 


The  Film  Path 

The  exceptional  roominess  of  the  "AA" 
provides  for  threading  simplicity.  The  film 
enters  the  projector  from  the  upper  maga- 
zine through  a  fire  trap  unit  having  four 
quenching  rollers  running  on  grease  lubri- 
cated pivot  bearings.  Between  both  upper 
and  lower  rollers  there  is  a  long  chute  to 
aid  in  the  quenching  action.  From  the  fire 
trap  the  film  passes  to  the  upper  feed 
sprocket,  upon  which  it  is  held  in  place  by 
the  combined  action  of  the  sprocket's  pad 
roller  and  the  hardened  steel  guide  roller 
just  above  and  to  the  right  of  the  sprocket. 
The  film  is  thus  guided  smoothly  over  the 
sprocket,  which  engages  six  full  perfora- 
tions, and  there  is  thus  no  tendency  for  it 
to  jerk  or  slap  because  of  uneven  hold-back 
tension  from  the  magazine.  This  increases 
film  life  over  that  from  the  conventional 
four  tooth  engagement. 

The  film  loops  upward  from  the  upper 
feed  sprocket  and  then  passes  down  through 


MODERN  PROJECTOR  DESIGN 


59 


the  gate  to  the  intermittent  sprocket, 
around  which  it  passes  in  a  clockwise  direc- 
tion to  form  the  lower  film  loop.  For  best 
alignment  and  for  proper  engagement  of 
the  sprocket  and  film,  the  tension  shoe  as- 
sembly is  made  part  of  the  intermittent  unit 


itself.  The  leaving  end  of  the  lower  film  loop 
passes  over  the  lower  feed  sprocket  clock- 
wise and  the  film  then  travels  downward  to 
the  sound  reproducer.  Double  pad  rollers  on 
this  sprocket  insure  sufficient  engagement 
between   sprocket    teeth    and   film    perfora- 
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Fig.  4.    Operating  side  showing  film  path;  door  removed. 
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tions  to  block  the  pulsating  film  travel  pro- 
duced by  the  intermittent  movement.  The 
film  is  fed  smoothly  to  the  reproducer  and 
the  film  motion  stabilizing  system  thus  does 
not  have  to  cope  with  the  irregularities  pro- 


of space  in  this  region  for  the  possible  even- 
tual addition  of  such  auxiliary  equipment 
as  double  film  attachments  and  control 
track  pickup  facilities.  For  the  former,  the 
stripper    mounting    boss   is    so   located    and 


Fig.   5.     Operating   side,   film   gate   open. 


duced  by  the  intermittent  action.  Better  re- 
produced sound  quality  inevitably  results. 
A  distinguishing  feature  is  that  the  film 
path  below  and  to  the  right  of  the  lower 
feed  sprocket  is  completely  clear  of  all  ob- 
structions, with  the  exception  of  the  cast 
stripper  for  this  sprocket.  This  allows  plenty 


designed  as  to  permit  the  substitution  of 
another  double  pad  roller  assembly  for  the 
stripper,  so  the  bottom  of  the  feed  sprocket 
may  be  used  to  feed  the  separate  sound 
track  film  to  the  sound  reproducer,  with 
the  picture  film  going  across  the  top  of  the 
sprocket  and   thence  by  an  external  chute 
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to  the  picture  film  takeup  magazine.  There 
is  likewise  adequate  clearance  below  the 
feed  sprocket  to  accommodate  the  feed  and 
guide  rollers  of  a  new  double  film  type  of 
sound  reproducer  requiring  no  external 
chute  and  no  projector  modifications. 

The  Film  Gate 

It  will  be  noted  that  the  film  gate  (see 
Figure  5)  of  the  "AA"  when  opened  for- 
ward, provides  a  full  inch  clearance  be- 
tween tracks  and  tension  shoes,  thus  allow- 
ing really  adequate  finger  room  for  thread- 
ing and  for  routine  cleaning  of  aperture, 
tracks,  shoes  ?nd  guide  rollers.  The  two 
long  film  tension  shoes  extend  the  full 
length  of  the  film  tracks,  and  for  perfect 
alignment  they  are  combined  into  a  single 
rigid  unit  of  hardened  steel.  The  film  con- 
tacting surfaces  are  ground  and  polished. 
This  unit  is  held  to  the  gate  assembly  by 
studs  at  the  top  and  bottom  which  engage 
a  unique  gunlock  mechanism  within  the 
gate  body.  The  studs  snap  into  operating 
position  as  they  enter  their  locating  slots  in 
the  gate  body  face.    They  are  instantly  re- 


leased by  pulling  out  a  small  plunger  near 
the  top  of  the  gate  body.  The  shoe  unit  is 
therefore  removable  for  routine  cleaning 
almost  as  easily  as  the  film  itself,  and  there 
is  no  chance  for  disturbance  of  either  the 
alignment  or  of  the  tension  adjustment. 

Operation  of  the  film  gate  is  by  a  rack 
and  pinion  type  control  device  just  below 
the  lens  barrel.  A  quarter  turn  of  its  large 
control  knob  opens  the  gate,  and  another 
version  of  the  gunlock  mechanism  within 
the  control  shaft  automatically  locks  the 
gate  open  as  the  knob  is  released.  The  gate 
closes  and  locks  closed  by  simply  pressing 
inward  on  this  same  knob  to  release  the 
first  locking  device. 

The  diagrammatic  view  of  the  gate  as- 
sembly (Figure  6)  shows  additional  details. 
Item  1  is  the  base  casting.  This  casting  has 
an  extension  at  the  left  to  support  the  track 
and  aperture  unit,  Item  2,  while  the  gate 
body  moves  in  longV-rails  on  the  steel  balls 
indicated  as  Item  5.  These  sameV-rails  also 
support  and  guide  the  lens  carriage.lt  is  ob- 
vious, therefore,  that  all  components  con- 
cerned in  the  relationship  between  the  film 
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Fig.   6.     Gate   assembly. 
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plane  and  the  lens  optical  axis  are  part 
of  a  single  major  assembly  which  may  be 
aligned  with  the  utmost  precision. 

The  spring,  Item  6,  automatically  closes 
the  gate  when  the  operating  control  catch  is 
released.  Item  4  is  a  fixed  light  guard  cast- 
ing which  covers  the  end  of  the  projection 
lens  nearest  the  film  plane  to  prevent  stray 
light  leakage  at  this  location.  Item  3  is  the 
tension  shoe  unit  proper.  Shoe  tension  is  ap- 
plied by  the  semi-circular  projections  vis- 
ible between  the  shoe  runners  and  the  gate 
body.  These  are  at  the  ends  of  two  transverse 
pressure  bars  within  the  body.  Variable  pres- 
sure is  applied  to  the  centers  of  these  bars 
by  flat  springs  on  a  vertical  shaft  whose 
mounting  screws  are  visible  at  the  top  and 
bottom  of  the  gate  body.  The  degree  of  ten- 


sion is  determined  by  the  cam-type  tension 
control,  Item  9.  The  pressure  applied  to  the 
shoe  unit  in  the  "standard"  position  of  this 
control  is  approximately  3  50  grams, and  this 
value  is  satisfactory  when  films  in  average 
commercial  condition  are  being  run.  The 
"low"  position  of  the  control  reduces  the 
pressure  to  about  22  5  grams  to  accommo- 
date new,  green  film,  and  the"high"  posi- 
tion increases  the  tension  to  around  675 
grams  to  aid  in  flattening  badly  buckled 
older  films.  The  control  setting  may  be 
changed  with  the  projector  in  operation. 

Film  Tracks  and  Aperture 

The  diagram  of  the  track  assembly  (Fig- 
ure 7),  shows  how  the  track  support  cast- 
ing is  fastened  to  the  base  of  the  gate  and 


Fig.  7.    Track   assembly 
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lens  carriage  unit.  After  accurate  align- 
ment with  the  optical  axis  is  made,  the 
casting  is  dowelled  in  place  on  the  base  so 
that  it  may  be  taken  off  and  replaced  with- 
out disturbing  the  alignment.  The  track 
and  aperture  unit  is  very  accurately  ma- 
chined and  can  be  replaced  after  long  use 
with  full  assurance  that  the  optical  align- 
ment will  not  be  impaired. 


roller  assemblies,  Items  2  and  6.  Each  has  a 
fixed  flange,  or  roller  half,  for  the  sound 
track  side  of  the  film  and  a  movable  flange 
under  small  spring  tension  for  the  opposite 
side,  to  accommodate  films  having  various 
degrees  of  shrinkage  without  producing 
film  buckling  or  failure  of  the  guiding  ac- 
tion. The  roller  assemblies  are  relatively 
close  to  the  aperture  opening  and  are  much 


6 
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Fig.  8.    The  intermittent  movement  of  the  Motiograph  "AA"  disassembled  to  show  cap, 
bracket,  sprocket,  stripper  plate  and  housing. 


The  tracks  and  aperture  of  the  "AA" 
are  combined  into  one  sturdily  constructed 
unit  of  hardened  and  ground  steel.  This  unit 
is  Item  7.  It  is  drawn  securely  against  the 
support  casting,  Item  4,  by  the  engagement 
between  an  anchoring  stud  on  its  rear  sur- 
face and  a  long  cone-point,  socket  head  set 
screw,  Item  8.  The  unit  is  thus  very  easily 
removable  for  inspection  and  cleaning  with- 
out disturbing  other  projector  components. 

The  lateral  guiding  of  the  film  over  the 
tracks   is   accomplished   by   the   two   guide 


more  effective  in  eliminating  film  sidesway 
than  non-rotating,  fixed  types  of  lateral 
guides.  The  rollers  are  large  in  diameter  so 
as  to  derive  sufficient  turning  torque  from 
the  moving  film,  and  are  fabricated  from 
very  tough  and  thoroughly  hardened  steel 
alloy  to  resist  wear.  They  turn  freely  on 
hardened  pivot-type  bearings  lubricated  in- 
ternally through  small  openings  in  the  tips 
from  grease  reservoirs  within  the  bodies  of 
the  bearings. 


64 


SOUND  TRACK  THEATRE  BOOK 


MODERN  PROJECTOR  DESIGN 


65 


The  Intermittent  Movement 

The  intermittent  movement  (Figure  8) 
has  well  been  called  the  heart  of  the  pro- 
jector mechanism.  While  the  movement 
of  the  Model  "AA"  is  basically  of  the  con- 
ventional 90  degree  Geneva  type,  it  never- 
theless incorporates  numerous  original  de- 
sign features. 

The  tension  shoe  assembly  for  holding  the 
film  in  place  on  the  sprocket  is  mounted 
directly  on  the  movement  case.  Outboard 
ball  bearings  for  both  the  sprocket,  or  star 
shaft,  and  for  the  cam  shaft  are  provided. 
The  movement  case  design  and  the  mount- 
ing arrangements  in  the  projector  are  such 
as  to  permit  the  entire  movement  to  be 
quickly  and  easily  removed  from  the  operat- 
ing side  of  the  machine  without  disturbing 
any  other  components  except  the  movement 
balance  wheel.  The  cam  shaft  is  directly 
driven  from  the  main  projector  gear  train, 
and  carries  on  its  outboard  end  a  balance 
wheel  of  sufficient  diameter  and  weight  to 
have  adequate  inertia  to  effectively  equalize 
the  pulsating  torque  requirements  of  the 
intermittent  action. 

The  various  sectional  diagrams  in  Figure 
9  show  the  intermittent  movement  and  its 
components.  Item  2  in  Section  AA  is  the 
balance  wheel,  locked  firmly  to  the  cam 
shaft  by  the  cone-head,  socket-type  set 
screw,  Item  1.  Next  in  line  from  left  to 
right  is  the  cam  shaft  collar,  Item  21.  This 
is  threaded  to  the  shaft  and  can  be  locked  in 
any  particular  position  by  the  set  screw  and 
plug,  Items  3  and  4.  It  provides  means  for 
loading  the  ball  bearings  to  the  exact  degree 
necessary  to  remove  all  end  and  radial  play 
while  still  permitting  the  shaft  to  turn  free- 
ly with  no  danger  of  binding  or  freezing. 

Shown  next  in  Section  AA  is  the  heavy- 
duty  drive  pinion,  Item  6,  followed  by  a 
soft  metal  grease  seal  and  the  inner  bear- 
ing. The  two  major  movement  housing  cast- 
ings, Items  20  and  17,  are  held  firmly  to- 
gether, with  the  Item  3  3  gasket  between,  by 
the  four  socket  head  cap  screws,  Item  26 
(Section  A).  Holes  for  these  screws  in  Item 
17  are  somewhat  larger  than  the  screw  di- 


ameters, and  Item  17  is  movably  pinned  to 
Item  20  at  a  point  just  to  the  right  of  the 
upper  screw  hole  shown  in  Section  CC.  The 
two  set  screws,  D  and  E,  set  into  the  rim  of 
Item  17,  bear  against  pins  fixed  in  Item  20 
and  extending  into  clearance  holes  in  Item 
17.  It  is  thus  possible  accurately  to  adjust 
the  clearance  between  the  cam  ring  and  star 
radius  surfaces  by  means  of  the  screws  D 
and  E  after  slightly  loosening  the  main 
fastening  screws,  Item  26.  The  cam  and  star 
run  in  semi-fluid  grease  inserted  through  the 
filler  plug,  Item  7,  to  the  level  of  the  dashed 
line  in  Section  AA. 

The  star  shaft  bearing  and  grease  seal 
construction  is  similar  to  that  of  the  cam 
shaft,  with  Item  13  being  the  threaded, 
locking  collar  to  take  up  end  and  radial 
play  in  the  bearings.  A  movable  indicator 
cap,  Item  15,  is  provided  with  engraved 
lines  spaced  90  degrees.  In  conjunction  with 
a  single  line  on  the  locking  collar,  it  may  be 
set  to  provide  a  ready  indication  of  the 
points  where  the  cam  drive  pin  just  starts 
to  engage  a  star  slot,  thus  facilitating  shut- 
ter timing. 

Unique  in  the  "AA"  movement  is  the 
method  used  for  anchoring  the  sprocket  to 
the  star  shaft.  The  shaft  is  hollow  as  far 
back  as  the  sprocket,  and  is  provided  with  a 
threaded,  tapered  screw  engaging  two  steel 
balls  which  it  pushes  outward  through  holes 
in  the  shaft  wall  to  lock  into  matching,  but 
smaller,  holes  in  the  sprocket  body  sleeve. 
Lateral  and  angular  positioning  of  the 
sprocket  on  the  shaft  is  provided,  however, 
by  the  aligning  stud,  Item  8,  which  engages 
an  accurately  machined  slot  in  the  sprocket 
body.  The  tapered  screw  cannot  be  backed 
out  far  enough  to  drop  the  balls  from  their 
sockets  because  of  the  presence  of  the  tubu- 
lar threaded  insert  in  the  star  shaft  which 
mounts  the  Item  13  locking  collar. 

For  very  rapid  removal  of  the  sprocket 
for  inspection,  cleaning,  reversal  or  re- 
placement, it  is  merely  necessary  to  back 
out  the  tapered  screw,  remove  the  locking 
collar,  take  off  the  outboard  bearing,  by  re- 
moving  the  single   fastening  screw   which 
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holds  it  on  its  locating  dowels,  release  the 
stripper  anchoring  set  screw,  Item  16,  at 
the  bottom  of  the  same  hole,  and  slip  out 
the  stripper  to  release  the  sprocket.  The 
whole  operation  can  be  performed  in  less 
than  two  minutes  and  since  there  is  no  need 
for  removing  the  movement  from  the  pro- 
jector, there  is  no  chance  for  disturbing  the 
shutter  timing. 

The  end  view  and  Section  BB,  indicate 
the  construction  of  the  tension  shoe  assem- 
bly. Item  2  5  is  the  shoe  proper,  fabricated 
from  tough  alloy  steel  and  thoroughly  hard- 
ened, ground  and  polished.  It  is  tensioned  by 
a  single  center  spring  and  is  thus  self -align- 
ing and  self-equalizing  with  respect  to  pres- 
sure on  its  two  runners.  Referring  to  the 
detail  at  the  upper  left,  the  shoe  is  held  to 
its  support  plunger  by  the  guide  bars,  Item 
4.  This  view  also  shows  the  notch  in  the 
plunger  visible  as  the  blank  white  area  just 
above  the  Item  30  latch  ball  in  Section  BB. 
The  plunger  is  tensioned  by  the  Item  22 
springs.  The  tension  shoe  assembly  is  opened 
by  pushing  the  finger  grips  away  from  the 
sprocket  until  the  latch  ball  is  pushed  into 
the  plunger  groove  by  the  Item  31  spring. 
It  is  released,  and  automatically  closes  by 
pressing  the  release  button,  Item  2  8,  which 
pushes  the  latch  ball  out  of  the  groove  and 
allows  the  plunger  to  return  to  its  closed 
position. 

Framing 

The  diagramatic  view  (Figure  10)  shows 
how  the  inner  shifting  frame  which  mounts 
the  intermittent  movement  is  moved  ver- 
tically in  V-rails  for  picture  framing.  The 
movement  is  held  in  place  by  the  clamps, 
Item  5,  and  these  are  tensioned  so  that  they 
will  stay  in  their  open  positions  by  the 
springs,  Item  7,  visible  in  Section  AA.  The 
adjustable  stop,  Item  16,  bearing  against 
the  movement  rear  bearing  bracket  permits 
the  movement  to  be  rotated  in  its  seat  to 
produce  the  proper  mesh  between  its  drive 
pinion  and  the  wide  pinion  which  is  keyed 
to  the  vertical  shaft.     The  wide  pinion  is 


mounted  on  the  movable  bracket,  Item  12, 
which  in  turn  is  supported  by  the  threaded 
shaft,  Item  8.  The  flexible  shaft,  Item  3, 
from  the  shutter  timing  control  via  the 
small  right  angle  gears,  Items  10  and  11, 
turns  the  threaded  shaft  to  move  the  wide 
pinion  upward  or  downward  and  thus  vary 
the  angular  relationship  between  the  move- 
ment action  and  the  shutter  operation  for 
fine  shutter  timing.  The  rack  by  which  the 
shifting  frame  is  moved  for  picture  fram- 
ing is  Item  1.  It  is  tensioned  outward  in  its 
guides  by  the  springs,  Item  14,  to  take  up 
all  backlash  between  it  and  its  associated 
pinion  mounted  on  the  through  shaft  carry- 
ing the  large  framing  control  knobs  on 
either  side  of  the  projector  housing.  The 
tension  springs  obviously  also  exert  braking 
pressures  between  the  shifting  frame  and 
the  left  V-rail  so  as  to  prevent  any  tendency 
for  the  frame  to  creep  in  either  direction, 
while  still  allowing  for  easy  operation  of  the 
framing  control.  The  control  on  the  oper- 
ating side  is  provided  with  an  indicator  dial 
to  enable  the  projectionist  to  set  the  fram- 
ing adjustment  in  the  middle  of  its  one  and 
a  quarter  frame  range  before  threading. 
This  dial  also  permits  him  to  see  instantly 
in  which  direction  to  turn  the  control  to 
correct  mis-frames  during  operation  with- 
out shifting  the  picture  all  the  way  up  and 
down  the  screen. 

Diagram  11,  the  shifting  frame  assembly, 
shows  the  hardened  steel  V-rails,  Item  2,  in 
place.  The  center  top  sectional  view  shows 
the  relationship  between  the  rails,  the  inner 
shifting  frame,  and  the  outer  supporting 
frame  which  is  solidly  mounted  to  the  cen- 
ter frame  of  the  projector  housing.  As  is 
evident  from  the  plan  view  at  the  lower 
right,  the  left  rail  is  fixed  in  position  by  the 
tightly  fitting  screws,  Item  4.  The  right 
rail  is  likewise  rigidly  anchored  by  the 
screws,  Item  6,  which  loosely  fit  the  rail 
holes,  thus  allowing  this  rail  to  be  moved 
to  the  left  by  means  of  the  adjusting  and 
lock  screws,  Items  1  and  7,  to  compensate 
for  eventual  rail  wear. 
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Fire  Shutter  and  Ventilating  System 

Centrifugal  actuators  for  fire  shutters 
should  turn  at  relatively  high  speeds  for 
positive  operation  without  excessive  dimen- 
sions. The  "AA"  projector  design  combines 
the  fire  shutter  actuator  with  a  blower  of 
really  adequate  capacity  to  properly  cool 
the  shutter  and  aperture.  The  combination 
blower  and  actuator  is  located  in  an  en- 
closure above  the  shutter  compartment  of 
the  projector.  It  draws  clean  room  tempera- 
ture air  inward  through  vents  in  the  pro- 
jector housing  under  the  shutter,  under  the 
track  and  aperture  unit,  and  upward  over 
the  shutter  and  across  the  aperture.  The 
heated  air  is  exhausted  through  a  vent  grill 
at  the  top  of  the  mechanism.  The  shutter 
and  aperture  are  thus  located  within  a  force 
draft  "chute"  with  the  light  opening  being 
closed  off  as  far  as  air  currents  are  concerned 
by  the  currents  produced  by  the  rotating 
shutter.  Although  the  flow  of  air  in  the 
chute  is  considerable,  the  air  is  not  forced 
into  or  drawn  out  of  the  arc  lamp,  and  thus 
no  harmful  carbon  dust  and  arc  vapors  are 
drawn  into  the  projector.  Neither  is  there 
any  necessity  for  a  light-losing  glass  filter 
between  the  shutter  and  light  source  to  pre- 
vent disturbance  of  the  arc  tail-flame. 

The   details  of   the   combination   blower 


and  fire  shutter  actuator  are  shown  in  the 
diagram,  Figure  12.  Item  1  is  the  cylindrical 
impeller.  Item  2  is  the  support  bracket  for 
the  spring  tensioned,  weighted  arms  of  the 
centrifugal  fire  shutter  actuator  which  op- 
erates the  shutter  proper  at  a  film  speed  of 
5  5  feet  per  minute  through  a  system  of 
levers.  The  supporting  shaft  for  the  unit 
runs  in  two  ball  bearings,  one  in  the  blower 
housing  and  one  in  an  auxiliary  bracket  be- 
yond the  shaft's  drive  gear,  which  meshes 
into  the  main  projector  gear  train.  Other 
constructional  details  are  self-evident. 

Lens  Carriage 

The  lens  carriage  is  designed  to  accommo- 
date any  make  or  model  and  virtually  any- 
focal  length  projection  lens  by  using  suit- 
able cylindrical  adapter  sleeves.  It  includes 
several  design  features  to  facilitate  accurate 
focusing  and  easy  removal  of  the  lens  for 
inspection  and  cleaning. 

Referring  to  the  diagram,  Figure  13,  the 
fixed  portion  of  the  carriage  is  Item  4.  It  is 
rigidly  attached  by  socket  head  cap  screws 
to  the  tubular  front  extension  of  the  main 
projector  casting.  The  movable  portion  is 
the  lens  barrel  proper,  Item  5,  which  slides  in 
the  hardened  steel  V-rails  of  the  gate  assem- 
bly and  is  moved  by  the  focusing  control, 


Fig.    12.      Blower   and   fire  shutter  actuator 
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Item  10,  which  is  provided  with  a  finely 
threaded  shaft,  Item  16,  engaging  an  ex- 
tension lug  on  its  under  side.  Backlash  in 
the  control  is  permanently  prevented  by 
the  spring  tensioned  soft  slug,  Item  15, 
bearing  on  the  threads. 


which  contact  the  guide  slot  in  the  barrel, 
and  therefore,  as  it  is  drawn  forward  by  the 
lock  control,  moves  inward  to  clamp  the 
lens  rigidly  in  place.  It  cannot  throw  the 
lens  out  of  alignment  with  the  barrel,  since 
it  is  the  third  member  of  a  three  point  sup- 


0 
Fig.   13.      Lens  carriage 


The  lens  is  supported  within  the  barrel  by 
three  accurately  machined  full-length  pads. 
Two  of  these  are  solid  projections  from  the 
barrel  casting — the  ones  nearest  the  lens 
lock  control  being  a  separate,  machined 
casting  having  a  lug  on  its  rear  surface 
which  extends  through  a  slot  in  the  barrel 
casting  to  engage  the  threaded  shaft,  Item 
9,  of  the  lock  control,  Item  18.  This  pad,  or 
clamp,  has  a   slight   taper  on   the  surfaces 


port  system  where  the  alignment  is  deter- 
mined by  the  other  two  fixed  members. 

Items  11,  12,  and  13  constitute  an  ad- 
justable stop  for  longitudinal  positioning 
of  the  lens  within  the  barrel,  and  Items  1, 
2  and  3  make  up  an  extractor  unit  for 
shorter  lenses.  Projection  lenses  are  thus 
easily  removable  for  cleaning,  and  may  be 
removed  and  replaced  without  disturbance 
to  the  focus  setting. 
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Sprocket  Pad  Rollers 

The  same  general  design  is  followed  in 
both  pad  roller  bracket  assemblies  of  the 
"AA"  projector.  In  the  diagram,  Figure 
14,  showing  the  double  pad  roller  assembly 


permitting  the  clearance  between  this  roller 
and  the  sprocket  to  be  independently  ad- 
justed. Both  roller  shafts  are  hollow  and 
have  small  holes  under  the  rollers  to  com- 
municate with  grease  reservoirs  in  the  roll- 


Fig.  14.      Double  pad  roller 


for  the  lower  feed  sprocket,  the  bracket 
swings  on  the  shaft,  Item  1,  which  is  locked 
into  a  boss  on  the  projector  center  frame. 
The  shaft  is  provided  with  a  grease  recess, 
and  carries  on  its  outer  end  a  knurled  finger 
rest,  Item  4.  It  is  also  provided  with  a 
notched  cam  section  fitting  into  a  recess  in 
the  bracket  hub.  One  long  straight  notch, 
in  conjunction  with  the  stud  pointed  stop 
screw,  Item  3,  and  locking  screw,  Item  5, 
limits  the  total  travel  of  the  bracket.  Two 
V  notches  in  conjunction  with  the  steel 
ball,  Item  6,  and  spring,  Item  7,  tension  the 
bracket  in  its  open  and  closed  positions.  The 
adjustable  stop,  Item  10,  bearing  against 
the  center  frame  boss  for  the  sprocket  shaft, 
regulates  the  clearance  between  the  outer 
roller  and  the  sprocket.  The  inner  roller's 
shaft  has  an  eccentric  mounting  stud,  thus 


ers.  Semi-annual  greasing  through  the 
shafts  is  sufficient  to  insure  adequate  lubri- 
cation of  the  rollers. 

Lighting  and  Wiring 

The  Model  "AA"  projector  is  provided 
with  two  auxiliary  interior  lights.  The  ir- 
regularly shaped  structure  in  the  upper  right 
corner  of  the  film  compartment  houses  a 
lamp  for  general  illumination  of  the  projec- 
tor interior,  with  an  on-off  toggle  switch  at 
the  lower  edge  of  the  housing.  The  flat  con- 
tour of  the  housing  mounts  a  glass  shield  to 
protect  the  lamp,  and  as  an  extra  safeguard 
in  the  event  of  accidental  lamp  breakage. 

The  second  light  is  within  the  shutter  en- 
closure below  the  secondary  framing  aper- 
ture. This  aperture  is  slightly  above  and  to 
the  rear  of  the  upper  guide  rollers.  The  lamp 


72 


SOUND  TRACK  THEATRE  BOOK 


socket  is  carried  by  the  plug-type  support 
inserted  from  the  drive  side  of  the  center 
frame.  The  framing  aperture  has  a  glass 
shield  to  prevent  the  entrance  of  dirt,  and 
is  equipped  with  two  registry  pins.  The 
linear  relationship  between  these  pins,  the 
secondary  aperture,  and  the  actual  picture 
aperture  is  such  that  when  the  film  is  on 
the  pins  and  is  properly  framed  in  the  sec- 
ondary aperture,  it  is  likewise  correctly 
framed  at  the  picture  aperture. 

Framing  can  be  checked  at  any  time  prior 
to  starting  the  machine  merely  by  bending 
the  upper  film  loop  back  over  the  framing 
aperture. 

Both  lights  are  controlled  by  the  toggle 
switch  previously  mentioned.  They  are  nor- 
mally equipped  with  115  volt  lamps,  but 
the  sockets  also  accommodate  certain  low 
voltage  lamps  for  service  in  localities  where 
local  regulations  prohibit  the  use  of  stand- 
ard voltage  lamps  within  the  projector.  The 
asbestos  and  glass  braid  insulated  interior 
wiring  of  the  projector  terminates  in  a  mul- 
ti-contact socket  and  plug  unit  located  in 
the  wall  of  the  drive  gear  compartment. 
Sufficient  cabled  lead  wires  are  supplied  at- 
tached to  the  plug  to  reach  inside  the  pro- 
jector pedestal  or  to  wall  junction  boxes, 
thus  insuring  that  exterior  as  well  as  interior 
projector  wiring  will  be  both  orderly  and 
safe.    The  plug  and  socket  connections  per- 


mit the  projector  mechanism  to  be  quickly 
and  easily  demounted  for  sound  reproducer 
servicing  or  for  periodic  projection  room 
equipment  overhaul. 

The  electrical  changeover  device  is  of 
generally  standard  construction,  although 
the  special  model  for  the  "AA"  projector 
includes  thermostatic  protection  for  the  op- 
erating coils  and  is  arranged  to  make  use  of 
the  projector's  internal  changeover  wiring, 
as  well  as  its  built-in  changeover  shutter, 
which  operates  in  an  extra  set  of  guides 
before  the  automatic  fire  shutter  in  the 
light  path. 

Combines  All  Features 

The  Motiograph  Model  "AA",  while  pre- 
senting a  vast  number  of  entirely  new  fea- 
tures, is  nevertheless  designed  so  that  it 
affords  complete  interchangeability  with 
older  types  of  equipment.  The  base  layout, 
the  drive  point  location,  speed  and  direction 
of  rotation,  and  the  magazine  mounting  fa- 
cilities of  the  "AA"  projector  are  similar  to 
those  of  other  currently  available  machines. 
It  may  therefore  be  used  with  any  modern 
sound  reproducer  and  with  any  make  of  up- 
per magazine  without  changing  the  existent 
projector  drive  and  without  using  mechan- 
ism mounting  plates  or  special  adapters  of 
any  kind. 
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PROJEl'TORS- 

THE  INTERMITTENT  MOVEMENT 


The  Heart  of  the  Projector 


A  Description  of  the  Intermittent  HAovement 


By  FRED  C.  MATTHEWS 


The  very  fact  that  motion  picture  films 
may  be  projected  successfully  is  due  large- 
ly to  the  action  of  the  intermittent  move- 
ment. This  is  readily  apparent  when  we  re- 
view what  takes  place  while  the  projector 
mechanism  is  in  operation. 

When  all  standard  projectors  are  prop- 
erly threaded,  the  film  follows  a  path  from 
the  upper  magazine  past  the  upper  feed 
sprocket,  through  the  film  guiding  system, 
past  the  aperture,  over  the  intermittent 
sprocket,  then  over  the  lower  feed  (take- 
up)  sprocket,  and  finally  into  the  sound 
reproducer. 

As  the  film  comes  down  from  the  upper 
magazine,  it  is  pulled  down  at  a  constant 
speed  of  one  and  one-half  feet  per  second 
(or  24  separate  photographs,  termed 
"frames",  by  the  upper  feed  sprocket,  the 
shaft  of  which  is  attached  to  the  projector 
mechanism  gear  train.  After  the  film  enters 
into  the  film  guiding  system,  it  must  stop 
at  the  aperture  and  remain  absolutely  mo- 
tionless for  a  period  of  l/32nd  of  a  sec- 
ond, in  order  that  the  picture  on  the  film 
may  be  properly  projected  on  the  screen. 
After  this  rest  period,  the  movement  of  the 
film  is  sharply  accelerated  so  that  the  suc- 
ceeding picture  may  be  pulled  into  position 
in  front  of  the  aperture.    These  successive 


and  continuous  actions  of  stopping  and 
starting  must  take  place  so  rapidly  that  24 
successive  pictures  can  be  projected  each 
second. 

The  portion  of  the  projector  mechanism 
that  creates  this  intermittent  action  is 
known  as  the  intermittent  movement — 
■often  referred  to  as  "the  heart  of  the 
projector." 

Upper  and  Lower  Loops 

Anyone  who  has  ever  seen  a  projector 
threaded  has  noticed  that  the  projectionist 
leaves  a  slack  of  film  between  the  upper 
sprocket  and  the  entrance  of  the  film  guid- 
ing system  which  is  known  as  the  upper 
loop.  Between  the  intermittent  sprocket 
and  the  lower  feed  (take-up)  sprocket  a 
similar  slack  of  film  is  left — this  is  known 
as  the  lower  loop.  These  loops  are  abso- 
lutely necessary  to  permit  the  intermittent 
action  of  the  film  created  by  the  intermit- 
tent movement  without  film  breakage,  as 
they  absorb  the  stoppage  of  the  film  be- 
tween the  steadily  moving  upper  and  lower 
feed  sprockets.  While  the  film  is  motion- 
less at  the  aperture,  the  upper  loop  of  film 
becomes  longer  and  the  lower  loop  becomes 
correspondingly  shorter.  When  the  inter- 
mittent sprocket  pulls  down  the  film,  the 
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Position  of  Motiograph  star  and  cam  as  the  cam-pin  is  about  to  engage  star  slot  to 
pull   down   a  new  picture  before  aperture. 


As  the  star  and  the  intermittent  sprockets  of  most  other  projectors  revolve  in 
reverse  direction  to  the  Motiograph  Model  K  star  and  intermittent  sprocket,  this  figure 
would  illustrate  the  position  of  other  stars  and  intermittent  sprockets  at  the  point  where 
film  has  just  ceased  to  be  held  motionless  before  the  aperture. 


lengths  of  the  two  loops  are  reversed. 
The  Intermittent  Movement 

All  standard  professional  3  5mm.  projec- 
tor mechanisms  utilize  an  intermittent 
movement  of  similar  character,  the  Geneva 
Movement.  This  movement  consists  of  a 
maltese  cross  of  steel  known  more  com- 
monly as  the  star,  and  a  steel  cam  upon 
which  is  mounted  a  master  pin  of  steel  (the 
cam  pin)  which  drives  the  star.  This  cam 
also  has  a  flat  circular  surface  by  means  of 
which  the  star  (and  therefore  the  intermit- 
tent sprocket  which  is  mounted  upon  the 
star  shaft)   is  locked  immovably  at  the  in- 


tervals when  each  picture  on   the   film  is 
being  projected  on  the  screen. 

Relation  to  Shutter 

The  intermittent  movement  and  the  pro- 
jector shutter  are  so  locked  together  by  a 
train  of  gears  that  the  shutter  must  rotate 
in  exact  synchronism  with  the  intermittent 
movement.  Thus,  in  the  interval  when  the 
movement  of  the  film  is  being  sharply  ac- 
celerated, the  shutter  blocks  off  the  light 
from  the  arc  lamp,  and  when  the  intermit- 
tent sprocket  stops  and  the  photograph  be- 
fore the  aperture  becomes  absolutely  mo- 
tionless, the  shutter  blade  moves  out  of  the 


Position  of  Motiograph    (and  other)   stars  and  cams  after  film  has  become  motionless 

in  front  of  aperture. 
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Position  of  Motiograph  star  and  cam  at  point  where  the  film  is  just  beginning  to 
become  motionless  before  the  aperture. 

As  the  star  and  intermittent  sprockets  of  most  other  projectors  revolve  in  reverse 
direction  to  the  Motiograph  Model  K  star  and  intermittent  sprocket,  this  figure  would  illus- 
trate the  position  of  other  stars  and  cams  at  the  point  where  the  cam-pin  is  about  to  engage 
the  star  slot  to  thus  pull  down  a  new  picture  before  the  aperture. 


way  and  permits  the  light  from  the  arc  to 
shine  through  that  photograph  to  the 
screen,  thus  projecting  one  picture. 

Each  successive  and  continuous  action  of 
stopping  and  starting  of  the  intermittent 
movement  is  in  exact  relation  to  the  action 
of  the  shutter.  The  intervals  of  darkness 
created  by  the  combined  action  of  intermit- 
tent movement  and  shutter  are  not  seen  by 
the  audience,  as  the  screen  always  appears 
to  be  illuminated,  due  to  the  rapidity  of 
action  of  intermittent  and  shutter. 


Action  of  the  Intermittent  Movement 

The  cam  is  in  continuous  rotation  as  long 
as  the  projector  is  in  motion;  when  the  cam 
ring  is  in  contact  with  one  of  the  four 
radii,  the  star  stands  still.  When  this  action 
is  taking  place,  the  intermittent  sprock- 
et, which  is  attached  to  the  star  shaft,  is 
standing  still  and  a  picture  is  in  place  at  the 
aperture  to  be  projected  on  the  screen. 
When  the  cam  revolves  to  the  point  where 
the  cam  pin  enters  into  one  of  the  slots  on 
the  star,  the  star,  and  consequently  the  in- 


Position  of   Motiograph    (and  other)    stars  and  cams   as   new  picture   is   pulled  down 

before  aperture. 
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termittent  sprocket,  is  moved  in  a  rapidly 
accelerating  action  to  a  point  where  film 
travel  is  three  times  its  normal  90  feet  per 
minute  pace.  This  is  the  action  that  brings 
a  new  picture  down  the  projector  aperture. 
As  the  cam  pin  disengages  itself  from  the 
star  slot  again,  the  star  and  the  intermit- 
tent sprocket  come  to  a  full  stop  and  the 
succeeding  photograph  is  in  the  correct 
place  before  the  aperture. 


ample,  an  unwanted  up  and  down  move- 
ment of  the  picture  of  only  l/l00th  of  one 
inch  at  the  aperture  would  be  magnified 
many  times  over  as  the  picture  was  pro- 
jected on  the  screen,  and  the  resulting  pic- 
ture jump  would  considerably  disturb  the 
patrons. 

Variance  in  Intermittent  Movements 

It  has  been  said  above  that  the  intermit- 


X/ 


Comparison  of  the  intermittent  movements  employed  in  the  Motiograph  Model 
"A A"    (left),   and  the   Motiograph   Model  "K" 


Imagine,  if  you  will,  the  thickness  of  a 
human  hair  split  into  30  sections — each  of 
those  sections  representing  approximately 
1/1 0,000th  of  an  inch.  That  is  the  ac- 
curacy of  dimensions  that  craftsmen 
must  achieve  in  grinding  the  radii  and 
slots  of  the  hardened  steel  stars  used  in 
the  intermittent  movement.  The  maxi- 
mum tolerances  permitted  in  other  work- 
ing parts  of  the  intermittent  movement  are 
plus  and  minus  l/l  000th  of  an  inch. 

This  fine,  exacting  degree  of  workman- 
ship is  absolutely  necessary,  for  unless  the 
intermittent  movement  performs  exactly 
and  faultlessly  in  bringing  down  each  pic- 
ture in  front  of  the  aperture,  each  minute 
fault  will  be  magnified  hundreds  of  times 
over  on  the  motion  picture  screen.  For  ex- 


tent movements  of  all  modern  3  5  mm.  pro- 
fessional projectors  are  of  similar  charac- 
ter. That  is  quite  true,  for  every  Geneva 
Movement  contains  a  balance  wheel,  cam, 
cam  pin,  star,  movement  case,  intermittent 
sprockets  and  bearings,  and  the  attendant 
gears  and  pinions  to  couple  the  movement 
to  the  shutter  and  mechanism  gear  trains. 
One  manufacturer  utilizes  gears  within 
the  intermittent  housing  to  drive  the  cam. 
Motiograph  and  some  other  manufacturers 
do  not  use  gears. 

In  the  Motiograph  intermittent  and  in 
the  movements  of  most  other  projectors, 
the  cam,  cam  pin  and  star  are  usually  made 
of  hardened  steel.  To  prevent  wear,  these 
parts  must  operate  in  a  sealed  movement 
case  containing  oil  or  grease.      It  is  to  be 
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noted  that  the  intermittent  movement  is 
one  of  the  few  places  in  a  modern  projector 
where  hardened  steel  is  permitted  to  be  run 
against  hardened  steel,  which  accounts  for 
manufacturers'  urgent  requests  that  only 
the  lubricants  specified  by  them  be  used. 


SHUTTER  DRIVE  SHAFT  PINION  WHICH  IS 
CONNECTED  WITH  THE  INTERMITTENT  MOVEMENT 
BY  MEANS  OF  PINION  ON  BALANCE  WHEEL  THUS 
SYNCHRONIZING  ACTION  OF  MOVEMENT  AND  SHUTTER 


BALANCE  WHEEL  PINION  THAT  CONNECTS 
MECHANISM  DRIVE  WITH  INTERMITTENT 
MOVEMENT 

Illustration  to  show  connections  of  in- 
termittent movement  to  projector  drive 
and  shutter. 


Hardened  or  Soft  Sprockets? 

Motiograph  also  hardens  its  intermittent 
sprockets,  believing  that  such  action  in- 
creases the  life  of  the  sprocket,  and  as 
hardened  sprocket  teeth  are  almost  imper- 
vious to  wear,  there  is  seldom  any  picture 
jump  caused  by  uneven  sprocket  tooth 
wear.  If  wear  does  ultimately  occur,  the 
sprocket  may  be  reversed  and  used  for  an- 
other comparatively  long  period.  The  late 
Frank  H.  Richardson,  acknowledged  as 
one  of  the  real  experts  on  projection  mat- 
ters, has  stated,  however — "The  intermit- 
tent sprockets  are  not  hardened  because  it 


was  discovered  that  hardening  causes  un- 
dercutting in  the  form  of  a  notch  in  the 
metal  at  the  base  of  the  sprocket  teeth." 
There  arc  still  some  manufacturers  who  ap- 
parently concur  with  Frank  Richardson's 
expressed  belief,  as  they  do  not  harden  the 
teeth  of  the  intermittent  sprockets  used  in 
their  projectors.  The  author  has  noted, 
however,  that  one  large  projector  manufac- 
turer other  than  Motiograph  changed  from 
using  soft  intermittent  sprockets  to  hard- 
ened ones.  While  we  greatly  respect  the 
late  Frank  Richardson  and  the  work  he  has 
done  to  improve  projection  practice,  Motio- 
graph and  other  manufacturers  think  that 
hardened  intermittent  sprockets  are  better 
than  soft  ones. 


UPPER 


UPPER  FEEO  SPROCKET 


m 

LOWER  FEEO  SPROCKET 


LOWER  LOOP 


The   film   path. 
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A  precision  hardness  tester  checks  the 

hardness  of  sprockets  and  intermittent 

movement  parts. 


The  paragraphs  immediately  above  point 
out  the  very  few  variances  between  inter- 
mittent movements  of  different  makes,  but 
the  most  important  variance  is  in  the 
craftsmanship  utilized  in  the  various  pro- 
jectors. If  the  manufacturer  is  not  capable 
of  achieving  minute  tolerances,  the  inter- 


mittent movement  will  wear  rapidly  and 
will  become  noisy.  One  of  the  best  tests 
of  proper  intermittent  movement  perform- 
ance is  in  its  silence  of  operation  at  various 
stages  of  a  projector's  lifetime.  The  inter- 
mittent movement  is  an  extremely  delicate 
mechanism  which  may  be  damaged  by  im- 
proper adjustments,  and  projectionists  are 
cautioned  to  follow  faithfully  the  instruc- 
tions of  the  manufacturer  in  making  the 
adjustments  provided  on  all  modern  inter- 
mittent movements. 


Microphotograph  of  a  Motiograph 

sprocket,  with  the  depth  of  hardening 

indicated  by  the  dark  areas  around  the 

edges. 


79 


PRIIJECTURS- 
THE  SHUTTER 


The  Projector  Shutter 


Its  Relation  to  Projector  Yalue 


By  FRED  C.  MATTHEWS 


The  primary  function  of  the  shutter  of  a 
projector  mechanism  is  to  impart  to  the 
pictures  on  the  screen  a  better  illusion  of 
motion.  Without  a  shutter,  the  series  of 
pictures  would  contain  numerous  discon- 
certing streaks  of  light  that  would  prove 
very  tiring  on  the  eyes.  A  shutter  alter- 
nately permits  light  to  fall  on  the  film  for 
a  fraction  of  a  second  and  then  blacks  out 
the  light  for  a  similar  period,  thus  making 
each  picture  which  appears  on  the  screen 
stand  out  more  clearly.  The  shutter,  there- 
fore, is  one  of  the  really  important  com- 
ponents of  the  motion  picture  projector 
mechanism. 

The  shutter  has  been  a  recognized  part 
of  the  projector  from  the  very  beginning, 
although  since  1896,  when  the  first  com- 
mercially practical  motion  picture  projec- 
tors appeared,  there  have  been  a  number 
of  changes  in  shutter  size,  form  and  loca- 
tion. The  Optigraph  of  that  year  (the  pre- 
decessor of  today's  Motiograph)  employed 
one  of  the  first  types  of  shutters.  This 
shutter  was  located  between  the  aperture 
and  the  lens,  while  each  of  the  two  blades 
was  cup-shaped.  This  principle  was  re- 
tained in  the  Optigraph  and  in  the  Model 
1-A  Motiograph  for  some  years. 


Other  projector  mechanisms  of  the  early 
days  (including  some  of  the  first  Motio- 
graph   models)     had    a    disc-type    shutter 


The  shutter  on  the  Motiograph  lA  Pro- 
jector (1908),  located  between  aperture 
and  lens,  showing  how  the  blades  cover 
the   aperture. 
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located  on  the  front  of  the  mechanism,  and 
consequently  in  front  of  the  projector  lens. 
In  fact,  this  principle  of  a  front  shutter 
was  retained  on  all  projector  mechanisms 
until  1930,  when  Motiograph  changed  the 
location  of  the  shutter  from  the  front  of 
the    mechanism    to    a    point    between    the 


uated  by  the  introduction  of  more  power- 
ful arc  lamps,  which  gave  out  more  light 
and  consequently  greater  amounts  of  heat. 
The  change  of  the  single  disc-type  shut- 
ter from  front  to  back  partially  accom- 
plished the  function  of  dissipating  the  heat 
from  the  aperture  and  the  film.  The  con- 
tinued use  of  mechanisms  of  the  front 
shutter  type  are  not  only  the  cause  of  the- 
atre fires  and  the  ruination  of  many  prints, 
but  the  patron  is  being  given  poor  pictures 
for  the  money  he  pays  at  the  boxoffice. 


Front  shutter  type  employed  on  Motio- 
graph  Model   F    (1921),  with  lens  un- 
covered 


aperture  and  the  light  source.  At  the  same 
time  Motiograph  introduced  the  double 
shutter.  Other  projector  manufacturers 
subsequently  changed  the  position  of  their 
shutters  in  similar  fashion,  although  they 
still  retained  the  single  shutter. 

This  change  of  shutter  location  was  ac- 
tuated primarily  because  of  the  inability  of 
the  front  shutter  to  prevent  the  heat  from 
the  light  source  from  pouring  on  the  aper- 
ture and  the  film.  Where  a  front  shutter 
was  employed,  the  heat  from  the  lamp 
caused  buckled  film  and  even  brought  about 
a  warping  of  the  metal  in  the  projector 
mechanism  itself.  This  problem  was  accent- 


Single  disc-type  rear  shutter 


The  Double  Shutter 

While  the  placement  of  the  shutter  be- 
tween the  arc  lamp  and  the  aperture  was 
one  of  the  greatest  single  improvements  in 
projection  practice,  the  disc-type  rear  shut- 
ter was  really  nothing  more  or  less  than 
the  old  in-front-of-the-lens  shutter,  al- 
though somewhat  enlarged  in  diameter  in 


THE  PROJECTOR  SHUTTER 


81 


some  cases.  Other  than  partially  solving 
the  heat  problem,  it  did  not  materially  im- 
prove the  light  on  the  screen  nor  the  pic- 
ture definition.  In  an  effort  to  improve  the 
projected  picture,  the  other  major  projector 
manufacturers  eventually  started  to  follow 
Motiograph's  practice  of  using  a  double 
shutter. 

One  manufacturer  conceived  the  idea  of 
equipping  a  projector  mechanism  with  both 
a  front  and  rear  shutter,  each  of  the  two- 
blade  type  and  mounted  on  the  same  shutter 
shaft.  Both  the  front  and  rear  shutters 
rotate  in  the  same  direction,  but  they  pro- 
duce the  optical  effect  of  cutting  the  light 
beam  from  opposite  directions.  This  is 
caused  by  the  projection  lens  being  located 
between  the  shutters — the  lens  reversing 
the  beam  so  that  its  bottom  rays  on  the 
lamphouse  side  are  its  top  rays  on  the 
screen  side. 

Two  other  projector  manufacturers  em- 
ploy two  double-blade  disc-type  shutters 
operating  between  the  light  source  and  the 
aperture.  These  shutters  move  in  opposite 
directions,  as  they  operate  behind  the  aper- 
ture and  the  projection  lens. 

Motiograph,  the  originator  of  the 
double  shutter,  continues  the  use  of  a 
double  shutter  operating  between  light 
source  and  aperture.  These  shutters,  how- 
ever, run  horizontally  or  transversely  to 
the  light  source,  whereas  in  the  three 
double  shutter  mechanisms  referred  to 
above,  the  shutters  operate  vertically. 

Advantages  of  Double  Shutter 

One  often  hears  the  question  from  ex- 
hibitors, "Which  is  the  best  projector  to 
buy — one  with  a  single  disc  shutter,  or  the 
double  shutter  mechanism?" 

It  is  true  that  projector  mechanisms  with 
the  double  shutter  are  higher  in  initial  cost 
than  those  with  a  single  shutter.  It  is  like- 
wise true  that  all  of  the  better  models  of 
the  leading  makes  of  projectors  are  equip- 
ped with  double  shutters.  This  would  indi- 
cate that  the  double  shutter  mechanism  is 
definitely    better — and    it    is.      Here's    the 


reason. 

The  single  disc-type  rear  shutter  has  two 
blades  of  equal  size,  one  of  which  (known 
as  the  master  blade)  cuts  off  the  light  from 
the  screen  during  the  period  in  which  the 
intermittent  movement  is  pulling  the  film 
into  place  at  the  aperture.  The  second  blade 
(known  as  the  balancing  blade,  or  cut-off 
blade)  is  located  at  the  opposite  diameter 
from  the  master  blade,  and  covers  the  aper- 
ture for  a  short  period  of  time  while  the 
film  is  at  rest.  The  master  blade  of  the 
shutter  is  the  one  which  really  gives  the 
illusion  of  motion  to  the  pictures  on  the 
screen,  while  the  balancing  blade  reduces 
the  flicker  that  would  show  on  the  screen 
if  the  shutter  had  nothing  but  the  one 
master  blade. 

When  two  disc-type  shutters  are  em- 
ployed, operating  between  light  source  and 
aperture,  there  are,  of  course,  two  master 
blades  and  two  balancing  blades,  with  the 
two  master  blades  cutting  the  light  beam 
at  the  same  time  from  opposite  directions. 
Hence,  as  the  time  required  to  cut  the  light 
off  the  screen  and  restore  it  is  reduced  by 
one  half  as  compared  with  the  single  shut- 
ter,   the   screen   receives    a    proportionately 


Side  view  of  the  Motiograph  cylindrical 

shutter,   showing   double   cut-off  of   the 

light    beam. 
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increased  illumination.  The  same  effect  is 
produced  by  the  mechanism  employing  a 
front  and  rear  type  shutter,  even  though 
they  revolve  in  the  same  direction. 


"The  Motiograph  horizontal  shutter  is  a 
light  metal  casting  rotating  on  ball  bear- 
ings and  enclosed  in  a  small  metal  housing. 
The  shutter  is  positioned  transversely  (hor- 


Cylindrical  type  double   shutter  with   aperture  open   and  closed. 


Motiograph  Double  Shutter 

A  reference  to  the  illustration  of  the 
Motiograph  horizontal  cylindrical  shutter 
will  show  that  it  has  but  two  blades,  while 
the  double  shutters  of  other  makes  have 
four  blades,  two  of  which  are  master  blades 
and  the  other  two  balancing  blades.  At 
first  glance,  therefore,  one  not  proficient  in 
the  subject  of  motion  picture  projection 
might  gather  the  false  impression  that  the 
horizontal  cylindrical  shutter  employed  by 
Motiograph  is  not  a  true  double  shutter 
type.  The  Motiograph  shutter  is,  of  course, 
a  true  double  shutter  in  every  sense  of  the 
word,  as  is  well  brought  out  by  the  late 
F.  H.  Richardson  in  his  "Blue  Book  of 
Projection,"  as  follows: 


izontally) .  In  its  cylindric  surface  are  two 
openings  through  which  the  light  beam 
passes;  the  rest  of  the  cylinder  serves  ex- 
actly the  same  purpose  as  the  blades  of  the 
disc  shutter  .  .  . 

"What  is  true  of  the  speed  and  width 
of  the  disc  type  master  blade  edges  does 
not  apply  to  this  shutter,  and  for  two  rea- 
sons: it  is  located  closer  to  the  projector 
aperture  and  consequently  has  a  smaller 
beam  diameter  to  cut;  the  shutter  is  posi- 
tioned horizontally  or  transversely  of  the 
beam,  the  light  passed  through  its  center 
or  cylinder  so  that  when  one  blade  is  cut- 
ting down  through  the  beam,  the  other  is 
cutting  upward,  the  two  interacting  at  the 
beam  center.   Only  half  the  time  is  required 
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to  cut  off  the  light  that  would  be  necessary 
were  only  one  blade  in  active  operation. 

"The  Motiograph  horizontal  rear  shutter 
is  shaped  at  each  end  of  the  cylinder  to  act 
like  a  fan  or  air  propeller.  From  each  end 
air  currents  are  directed  toward  the  center 
of  the  cylinder.  Each  of  the  two  blades  of 
the  cylinder  has  a  transverse  vane,  which, 
in  combination  with  the  propeller  ends, 
sets  up  air  currents  and  draws  them  in 
through  the  opening  of  the  shutter  hous- 
ing toward  the  lamphouse.  This  draws  air 
over  the  metal  of  the  projector  mechanism 
around  the  film  gate,  keeping  it  and  the 
film  at  relatively  lower  temperature  and 
preventing  deposits  of  dust." 

It  will  be  seen  from  all  of  the  foregoing 
that  the  projector  mechanism  employing 
double  shutters  gives  more  light  on  the 
screen  and  consequently  a  better  picture 
than  the  single  shutter  types.  In  order  to 
accomplish  this  result,  the  double  shutter 
mechanism  requires  more  materials,  more 
skilled  engineering,  and  more  gears  and 
other  mechanical  components.  While  it 
would  therefore  obviously  be  worth  more 
money,  the  prospective  purchaser  of  a  pair 
of  projector  mechanisms  who  is  interested 
in  top  flight  picture  presentation  for  his 
patrons  will  do  well  to  select  from  the  four 
double-shutter  types.  It  is  true  that  three 
projector  manufacturers  still  make  single 
shutter  type  mechanisms — probably  because 
there  are  some  theatre  owners  who  consider 
only  price  when  buying  equipment,  but  it 


is  equally  true  that  they  recommend  more 
highly  their  more  modern  and  superior 
double  shutter  types. 

Choosing  a  Projector 

Every  manufacturer  of  double  shutter 
type  mechanisms  makes  the  claim  that  their 
own  particular  product  puts  as  much,  if 
not  more,  light  on  the  screen  than  that  of 
any  of  their  competitors.  As  a  matter  of 
fact,  it  is  my  belief  that  if  there  is  any  dif- 
ference at  all,  that  difference  is  infinitesimal 
when  all  projectors  are  brand  new.  The 
choice  of  which  mechanism  to  buy  accord- 
ingly should  rest  in  those  factors  which 
have  a  direct  bearing  on  long-term  correct 
shutter  operation. 

Shutters  are  connected  by  means  of  shafts 
and  gears  to  the  other  components  of  the 
projector  mechanism.  If  there  is  unusual 
wear  on  these  shafts  and  gears,  it  will 
create  lost  motion  in  the  gear  train  that 
will  bring  "travel  ghost"  to  the  screen. 
Most  manufacturers  have  a  provision  for 
adjusting  the  shutters  in  order  to  eliminate 
"travel  ghost."  On  some  machines  these 
adjustments  consist  of  widening  the  shutter 
blades,  which,  of  course,  means  a  marked 
loss  of  light  as  the  projector  mechanism 
ages.  The  projector  mechanism  with  a  gear 
train  consisting  of  hardened  steel  and  bake- 
lite  gears  is  capable  of  much  longer  oper- 
ation without  adjustment  than  one  employ- 
ing soft  iron  gears. 
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Ball  Bearings 


Their  Use  in  Vrojection  and  Sound  Equipment 


By  H.  THORWELL  MATTHEWS 


Nothing  rolls  like  a  ball.  From  the 
earliest  days  of  civilization,  man  has  been 
concerned  with  making  his  implements  and 
machines  move  with  the  greatest  speed  and 
the  least  amount  of  friction.  The  ball 
bearing  may  be  said  to  represent  the  cul- 
mination of  this  effort. 

Because  the  steel  ball  presents  a  uniform 
and  calculable  resistance  at  whatever  angle 
the  load  may  be  applied,  it  possesses  inher- 
ent advantages  not  equalled  by  any  other 
form  of  rolling  body.  The  cylindrical 
roller,  for  instance,  has  two  ends,  but  there 
are  no  ends  to  a  ball.  Its  axis  of  rotation 
and  its  direction  of  load  need  never  be 
fixed  artificially. 

Balls  Roll  Naturally 

In  the  correctly  designed  and  manufac- 
tured ball  bearing,  sliding  friction  is  so  re- 
duced as  to  be  of  no  real  consequence,  for 
the  balls  in  a  bearing  are  the  most  perfect 
self-aligning  members  known.  They  re- 
quire no  guidance  other  than  the  groove  in 
which  they  roll. 


The  function  of  the  separator  is  simply 
to  space  the  balls  properly.  While  sliding 
friction  occurs  between  the  balls  and  the 
separator,  the  only  contact  is  in  the  vicinity 
of  the  poles,  where  surface  speed  is  very 
low.  As  a  film  of  lubricant  is  easily  main- 
tained at  this  point,  the  amount  of  friction 
is  immaterial. 

There  is  but  one  remaining  source  of 
friction  which  affects  the  bearing,  and  that 
is  the  fluid  friction  caused  by  movement  of 
the  lubricant.  With  high  speed  ball  bear- 
ings, fluid  friction  is  avoided  by  the  use 
of  small  quantities  of  light  oil  which  are 
all  that  are  needed  for  lubrication. 

The  amount  of  friction  in  any  type  of 
bearing  is  very  largely  the  result  of  the 
amount  of  wear  which  takes  place.  Ball 
bearings  are  the  only  type  of  anti-friction 
bearing  that  can  be  successfully  sealed  and 
lubricated  for  life,  so  that  they  may  run 
for  many  years  without  the  least  attention. 

Ball  Bearings  Decrease  Wear 

Let  us  look  further  into  this  problem  of 
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wear,  for  this  is  a  factor  which  definitely 
limits  the  accuracy  and  the  period  of  use- 
fulness of  a  machine.  When  we  speak  of 
wear,  we  are  thinking  of  motion,  and  as 
motion  requires  the  use  of  bearings,  it  is 
plain  that  if  we  can  solve  the  bearing  prob- 
lem, we  will  be  able  to  do  much  to  reduce 
wear  and  prolong  machine  life.  There  is 
much  truth  in  the  statement  that  the  life 
of  a  machine  is  governed  by  the  life  of  its 
bearings. 


available  space  between  the  race  rings  com- 
pletely filled  with  balls,  it  is  obvious  that 
a  certain  amount  of  wear  would  take  place 
through  sliding  contact  and  rubbing  veloc- 
ity. The  use  of  a  separator  not  only  pre- 
vents this  contact,  but  does  so  in  such  a 
way  as  to  avoid  any  appreciable  amount  of 
wear.  With  properly  designed  and  manu- 
factured ball  bearings,  the  balls  are  in  con- 
tact only  in  the  vicinity  of  the  poles,  where 
the  surface  speed  is  very  low.     The  com- 


The  sealed  type  of  ball  bearing,  lubricated  for  life. 


The  steel  balls  of  a  ball  bearing  are  in 
contact  with  the  separator,  but  as  no  guid- 
ing pressure  is  exacted  here,  wear  from 
such  causes  is  entirely  absent.  The  sepa- 
rator has  no  other  function  than  to  space 
the  balls  equally  within  the  race  rings. 
If    no    separator    were    employed    and    the 


bination  of  slow  polar  surface  speed,  light 
pressure  and  an  ample  cushion  of  oil  ren- 
ders wear  an  entirely  negligible  factor. 

Permits  High  Machine  Speeds 

The   term   high   speed   is    not    strictly   a 
matter    of    revolutions    per    minute    alone, 
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since  what  may  be  considered  high  speed 
in  one  machine  would  not  necessarily  be 
so  for  another  of  a  different  kind.  Re- 
gardless of  exact  speed,  however,  a  bearing 
employed  for  any  high  production  machine 
speeds  must  embody  certain  essential  fea- 
tures. 


onstrated  that  the  losses  due  to  sliding  fric- 
tion within  a  precision  ball  bearing  are  very 
small  indeed. 

The  ball  is  unique  in  that  it  has  no  ends 
and  therefore  no  weak  spot.  A  steel  ball 
of  the  type  employed  in  a  ball  bearing 
possesses  marvelous  strength.    In  an  inter- 


Main  drive  shafts  have  grease-packed, 
sealed  ball  bearings  at  each  end.  No  c 
additional  lubrication  is  required,  and 
there  is  no  oil  leakage  problem. 


The  Motiograph-Mirrophonic  SH-7500  Reproducer  is  ball  bearing  equipped 

throughout. 


The  first  of  these  is  low  frictional  loss. 
Friction  increase  is  first  denoted  by  higher 
operating  temperatures.  Since  one  of  the 
duties  of  a  lubricant  is  to  carry  away  heat, 
the  matter  of  lubrication  becomes  more 
difficult  and  involved  as  speed  is  increased. 
As  ball  bearings  operate  best  with  no  more 
than  a  slight  film  of  oil,  it  is  clearly  dem- 


esting  demonstration,  a  ball  was  placed  on 
a  solid  block  of  steel  and  resisted  a  pressure 
of  ninety  tons  from  a  hydraulic  ram  before 
the  ball  was  forced  into  the  steel  block  up 
to  its  full  diameter.  At  the  completion 
of  the  experiment,  the  ball  was  still  round, 
while  the  steel  block  was  distorted  and 
cracked. 
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La  rge  single  row  bal  I 
bearings  support  im- 
pedance drum  shaft  in  its 
housing  and  provide  the 
low  friction  essential  to 
good  performance  of  the 
stabilizing  system. 
eft  «o 


Ball  bearings  supporting 
impedance  roller  are 
shielded  to  keep  out  dirt 
and  are  instrument  tested 
and  lubricated  to  be  extra 
free-running. 


The  heavy  inner  flywheel  of 
the  rotary  stabilizer  is  sup- 
ported by  a  large  single-row 
ball  bearing  lubricated  by 
the  damping  fluid. 


Film  motion  stabilizing  components  of  the  Motiograph-Mirrophonic  SH-7500  Repro- 
ducer   partially    disassembled    to    show    use    of    ball    bearings. 


Better  Projectors 

Ball  bearings,  however,  are  employed  in 
motion  picture  projection  and  sound  equip- 
ment not  so  much  for  their  strength  as  for 


the  reduced  friction  and  the  accuracy  re- 
quired in  these  types  of  precision  equip- 
ment. It  is  also  highly  important  that  heat 
be    held    to    a    minimum    in    theatre    booth 
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equipment.  This  is  admirably  accomplished 
by  the  ball  bearing  with  its  relatively  slight 
degree  of  friction. 

Another    important     advantage    of     the 
sealed    ball    bearing    is    that    it    requires    no 


lubrication.  While  ball  bearings  have  al- 
ways been  employed  in  projectors  and 
sound  systems,  they  will  be  featured  to  a 
far  higher  degree  than  ever  before  in  the 
better  postwar  equipment. 


PRCUEl'TIIRS- 
TEIM8I0M  SHOES 


Projector  Tension  Shoes 

Mot/ograph's  W/V/e  Latitude  Adjustment 


By  EMIL  WIENKE 


The  primary  function  of  the  tension  shoes 
is  to  flatten  out  the  him  as  it  passes  through 
the  projector  film  gate  so  that  there  will  be 
no  tendency  for  the  projected  picture  to 
have  an  in  and  out  of  focus  condition. 

As  prints  are  received  by  our  nation's 
theatres  in  widely  varied  condition,  it  is 
highly  desirable  that  the  projectors  be 
equipped  with  a  device  that  will  permit  in- 
stantaneous change  of  shoe  pressure  during 
operation,  for  with  such  a  device  a  good, 
clearly  defined  picture  can  be  obtained  re- 
gardless of  the  condition  of  the  print. 

The  majority  of  projectors  installed  in 
our  theatres  do  not  have  such  a  device,  and 
consequently,  unless  the  degree  of  tension 
of  the  shoes  of  these  projectors  is  in  direct 
relation  to  the  condition  of  the  print  being 
run,  a  generally  poor  picture  could  easily 
result.  Variance  in  quality  of  the  projected 
picture    is    particularly    noticeable    when    a 


new  print  and  an  old  one  are  run  during 
the  same  show. 

The  importance  of  furnishing  in  their 
projectors  a  variable  shoe  tension  device 
capable  of  operation  while  the  projector  is 
running  is  being  recognized  by  the  three 
leading  manufacturers  of  projectors.  Two 
supply  such  a  device  on  both  models  they 
produce,  and  another  in  its  higher  priced 
model. 

Thumb  Screw  Tension  Setting 

In  the  projectors  made  by  two  manu- 
facturers, the  degree  of  shoe  tension  can  be 
changed  by  turning  a  thumb  screw.  These 
devices  make  possible  a  decided  improve- 
ment in  the  projected  picture  over  that 
possible  with  projectors  without  such  a  de- 
vice. The  degree  of  tension  being  applied 
by  thumb  screw  operation,  however,  is  still 
subject  to  human  error,  as  the  screw  of  one 
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tension  device  could  easily  be  turned  farther 
than  the  screw  on  the  other  projector  in  the 
booth.  It  is  possible,  therefore,  that  there 
could  be  a  variance  in  the  projected  picture 
from  two  machines  in  the  same  booth,  even 
though  the  print  being  run  were  in  identical 
condition. 

In  order  to  determine  the  proper  degree 
of  shoe  tension  that  should  be  applied  to  film 
in  various  conditions  to  produce  maximum 
screen  results  and  minimum  wear  on  film, 
Motiograph  conducted  a  long  series  of  tests. 
Brand  new  film  was  run  at  varying  degrees 
of  shoe  pressure  to  locate  the  lowest  possible 
degree  of  pressure  at  which  a  fine  quality 
picture  resulted.  After  running  a  long  series 
of  tests,  it  was  decided  that  a  pressure  suf- 
ficient to  cause  a  film  pull  tension  of  eight 
ounces  would  produce  best  results.  Similar 
tests  were  made  with  film  that  had  passed 
the  first  run  stage  and  it  was  found  that  a 
tension  of  twelve  ounces  was  most  desirable. 
Badly  buckled,  often  spliced  film  required 
the  much  greater  tension  of  twenty-four 
ounces  to  produce  anywhere  near  satisfac- 
tory picture  results. 

Cam  Operating  Unit 

To  give  any  of  the  three  degrees  of  pres- 
sure as  required,  Motiograph  provides  in  its 
projectors  a  cam-operated  tension  device 
that  permits  the  projectionist  to  flip  a  small 


lever  to  bring  about  the  desired  degree  of 
tension.  Careful  checks  of  installations  have 
shown  the  wisdom  of  having  but  three 
definite  degrees  of  tension  instead  of  a  large 
number  of  different  degrees. 

While  it  is  true  that  wear  on  film  is  in- 
creased as  shoe  tension  is  increased,  Motio- 
graph tests  showed  that  the  extent  of  wear 
at  the  greatest  degree  of  tension  employed 
in  its  projector  was  not  of  great  im- 
portance, considering  that  the  heavier  ten- 
sion is  needed  only  on  films  which  are  near 
the  end  of  their  useful  life.  These  tests  did 
clearly  prove,  however,  that  extreme  shoe 
pressure  could  create  excess  film  wear  by 
forcing  the  film  out  of  alignment  if  the 
film  were  not  properly  edge-guided  through 
the  film  gate.  This  is  particularly  true  with 
shrunken  film. 

The  tests  also  proved  that  the  best  method 
of  guiding  the  film  through  the  film  gate 
was  the  provision  of  two  film  guide  rollers 
at  top  and  bottom  of  the  film  gate  which 
would  automatically  adjust  themselves  to 
the  width  of  the  film  being  run.  For  this 
reason,  Motiograph  discarded  the  conven- 
tional studio  guides  employed  in  many  pro- 
jectors in  favor  of  two  self-adjusting  film 
guide  rollers.  Studio  guides  work  only  on 
film  of  the  exact  dimensions  for  which  they 
are  set,  and  are  either  useless  or  cause  buck- 
ling of  film  if  other  degrees  of  shrinkage 
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New  Types  of  Magazines 


Mark  Significant  Y)esign  Improvement 


By  H.  THORWELL  MATTHEWS 


Older  type  2,000  feet  upper  magazines  mits  the  use  of  old  exchange  reels  without 

are  18  inches  in  diameter  and  3-*/g  inches  scraping   the   magazine   body  or   magazine 

deep  from  their  back  wall  to  the  magazine  door. 

door.  The  "AA"  magazine  is  of  the  same  Another  improvement  in  "AA"  upper 
diameter,  and  is  3-%  inches  deep.  The  magazines  is  the  completely  new  fully  en- 
greater  depth  of  the  "AA"  magazine  per-  closed  adjustable  reel  shaft  tension  device. 


F(G  e 


Figure  showing  design  of  the  adjustable  reel  shaft  tension  device. 
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This  device,  once  the  desired  tension  is  set, 
can  be  locked  permanently  into  the  correct 
tension  to  remain  without  slipping  for  years. 

The  design  of  the  adjustable  reel  shaft 
tension  device  is  simple. 

Here  is  the  way  it  works.  Loosen  the 
lock  screw  No.  A-291,  then  turn  the  adjust- 
ment screw  No.  A-65  3  in  the  desired  di- 
rection (to  increase  tension,  turn  to  right 
— to  decrease  tension,  turn  to  left).    When 


the  desired  tension  is  obtained,  tighten  the 
lock  screw  No.  A-291,  and  the  reel  shaft 
will  continue  to  have  the  correct  tension 
for  years. 

Projectionists,  particularly,  will  want  to 
know  how  just  turning  the  adjustment 
screw  No.  A-65  3  will  bring  about  the  cor- 
rect tension,  so  we  will  carry  on  with  the 
explanation.     When   you    turn    this   screw, 


Reverse  side  of  the  Motiograph  "AA"  upper  magazine,  showing  reel  tension 

device. 
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you  either  increase  or  decrease  the  com- 
pression of  a  spring,  No.  A-6  57,  against 
a  thrust  bearing,  No.  A-6  5  5,  which  cre- 
ates a  drag  against  a  leather  washer,  No. 
A-624.  This  action  brings  about  the  de- 
sired degree  of  tension  in  the  reel  shaft. 

It  will  be  noted  that  the  reel  shaft  is  of 
conventional  size  where  the  reel  is  attached, 
but  is  larger  as  it  fits  into  the  casting  of 


the  tension  device  to  give  the  reel  shaft 
greater  rigidity.  The  shaft  again  is  reduced 
to  conventional  size  as  it  emerges  from  the 
rear  of  the  magazine  to  provide  a  support 
for  the  reel  end  alarms  that  mount  on  the 
upper  magazine  shaft. 

Like  the  "AA"  mechanism,  lubrication 
of  the  upper  magazine  reel  shaft  is  very 
simple.  One  removes  the  four  A-645  socket 


The  Motiograph   Model  "AA"  upper  magazine. 
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cap  screws  to  slide  off  the  A-60  5  hub  cast- 
ing, cleans  out  the  old  grease  from  the  in- 
side of  the  hub,  and  refills  once  or  twice 
yearly.  The  oil  cup  on  the  hub  of  the  spider 
casting  should  be  refilled  three  or  four 
times  a  year  with  a  few  drops  of  oil. 


attached  fire-trap  roller  units.  "AA"  up- 
per magazines,  therefore,  may  be  ordered 
separately,  and  may  be  said  to  offer  a  re- 
placement for  the  16  inch  diameter  upper 
magazines  in  use  in  so  many  hundreds  of 
theatres. 


Comparative  views  of  the  Motiograph  "AA"  upper  magazine  and  an  older 
type  of  magazine   (right)   Note  the  increased  depth  and  the  upper  reel  tension  device 

of  the  "AA"  magazine. 


The  "AA"  upper  magazines  are  designed 
particularly  for  use  with  the  "AA"  fire- 
trap  roller  units,  later  described,  but  "AA" 
magazines  will  fit  on  projector  mechanisms 
of  most  other  makes  or  models  which  have 


Fire-Trap  Roller  Section 

Motiograph  delivers  with  its  "AA"  pro- 
jector mechanism  a  separate  casting  which 
contains  four  fire-trap  rollers.  By  removing 
two  Allen  screws,  these  fire-trap  rollers  can 
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be  removed  between  reels  from  the  maga- 
zine for  routine  cleaning  and  inspection 
without  removing  the  magazine  from  the 
mechanism.  As  faulty,  sticking  upper  mag- 
azine fire-trap  rollers  are  difficult  to  remove 
and  replace,  they  are  consequently  a  source 
of  considerable  film  damage.  Motiograph 
has      therefore     eliminated     a      source     of 


magazine  that  can  be  used  with  any  sound 
reproducer  or  projector  mechanism  without 
the  necessity  of  supplying  different  lengths 
of  reel  shafts  or  reel  shaft  pulleys  placed  in 
different  positions  on  the  shaft.  The  "AA" 
lower  magazine  has  inbuilt  pulleys  on  the 
lower  magazine  take-up  casting  which  per- 
mit perfect  alignment  of  the  belt  between 


The  fire   rollers   of  the   upper  magazine,   with   rollers  shown  disassembled   at  the   right. 


scratched  prints.  This  unit,  No.  AX-90, 
may  be  ordered  separately  and  used  as  a  re- 
placement on  any  standard  projector 
mechanism  with  the  old  upper  magazine 
body  or  the  new  "AA"  upper  magazine. 
(Motiograph  Model  "K"  magazines  can 
only  be  replaced  with  these  assemblies  and 
new  "A A"  magazine  bodies.) 

The  ffAA"  Lower  Magazine 

For  the  first  time,  a  projector  manufac- 
turer has  designed  and  constructed  a  lower 


take-up  and  sound  reproducer.  These  pul- 
leys can  be  used  in  conjunction  with  a 
round  belt  or  the  modern  V  belt  to  be  sup- 
plied with  "AA"  lower  magazines. 

Like  the  "AA"  upper  magazine,  the 
"AA"  lower  magazine  is  nearly  a  full 
inch  deeper  than  older  style  magazines,  so 
that  there  will  be  no  problem  of  bent  reels 
scraping  the  sides  or  door  of  the  magazines. 
Hinges  are  stronger  than  those  on  older 
style  magazines,  and  opening  the  improved 
catch  makes  a  simple  one-handed  operation 
of  opening  and  closing  the  magazine  door. 


NEW  TYPES  OF  MAGAZINES 
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The  upper  portion  of  the  fire-trap  roller 
casting  is  curved  to  fit  the  contour  of  the 
magazine  body,  making  the  connection  of 
magazine  to  soundhead  much  better  than 
could  be  gained  with  lower  magazines  with 
a  straight  top  on  the  fire-trap  roller  cast- 
ing. This  arrangement  also  facilitates  the 
final  steps  of  the  threading  operation. 

Most  important  of  the  new  features  of 
the    "AA"   magazine    is    the    new    take-up 


assembly  which,  when  set  at  the  desired 
tension,  simply  cannot  get  out  of  adjust- 
ment. This  new  and  improved  take-up  also 
offers  no  lubrication  problems,  for  annual 
lubrication  at  only  one  point  is  required. 
To  lubricate,  one  simply  removes  oil  plug 
No.  19,  fills  with  oil  up  to  the  oil  hole 
and  puts  back  the  plug. 

Reference    to    the    Drawing    will    show 
that    the  take-up  is   fully  enclosed — there 


The  lower   Motiograph   "AA"   magazine.   Note  the   completely   enclosed  takeup. 
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are  thus  no  springs  to  gather  dirt,  grit  or 
oil.  Setting  the  proper  degree  of  tension 
is  just  as  simple  as  setting  the  tension  of 
the  upper  reel  shaft,  and  once  set  there  is 
no  likelihood  of  the  take-up  getting  out  of 
adjustment. 

To  secure  the  desired  tension  of  the  lower 
magazine  take-up  one  loosens  lock  screw 
No.  2 1  and  removes  screw  No.  1 8  and  its 
attendant  gasket  No.  17.  The  internal  set 
screw  No.  16  should  then  be  turned  in  the 
direction    necessary    to   obtain    the    desired 


tension  (right  to  increase  tension — left  to 
decrease  tension).  When  the  desired  tension 
is  attained,  insert  screw  No.  18  and  gasket 
No.  17  and  tighten  lock  screw  No.  21. 

When  the  internal  screw  No.  16  is  turned, 
it  forces  a  ball  bearing  No.  14  against  the 
No.  9  take-up  friction  disc,  which  engages 
with  the  No.  8  cork  retainer  disc,  and  which 
in  turn  presses  against  the  inner  wall  of 
No.  7  take-up  pulley  casting.  The  degree 
of  pressure  thus  applied  remains  constant, 
as  the  lock  screw  No.  21  prevents  the  in- 
ternal screw  No.  16  from  turning. 


Keel  End  Alarm 


The  Ace  Reel  End  Alarm  is  designed  par- 
ticularly for  use  with  reels  of  motion  pic- 
ture films,  and  has  for  its  primary  object 
to  provide  a  signaling  device  in  the  form 
of  a  bell  with  which  a  hammer  is  engage- 
able  and  controlled  by  a  gravity-actuated 
arm  arranged  to  ride  on  the  roll  of  film  in 
a  manner  to  sound  an  alarm  when  the  un- 
winding of  the  film  has  reached  a  pre- 
determined point. 

There  are  a  number  of  important  com- 
ponents of  the  Ace  Reel  End  Alarm.  One 
of  them  is  a  roller  bearing  on  the  free  end 
of  the  gravity  actuated  arm  which  contacts 
the  roll  of  film  and  is  a  self-adjusting  type, 
so  that  periphery  of  the  roller  will  at  all 
times  bear  flatly  against  the  surface  of  the 
film  to  prevent  injury  thereto  while  the 
film  is  being  unwound.  Another  part  is  a 
chain  which  travels  over  the  collar  and 
connected  to  the  front  door,  which  raises 
the  arm  as  well  as  the  hammer,  so  as  to 
permit  free  removal  of  the  reel  for  re- 
placing the  film.  There  is  also  a  coil  spring 
with  a  hammer  to  hit  the  bell,  emitting  a 
very  clear,   alert   tone.    It  is   made  in  two 


sizes — for  16-inch  Magazines  and  18 -inch 
Magazines,  and  sold  by  leading  motion 
picture  supply  dealers. 


The  Ace   Reel  End  Alarm   installed  on  a 
projector    magazine 
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Easy  to  Assemble 

The  Alarm  comes  fully  assembled  and  in 
order  to  install  this  alarm  on  your  magazine, 


bushing  by  screwing  it  into  plate  No.  2  all 
the  way  in;  as  No.  3  bushing  has  its  own 
lock  washer,  then  lock  with  No.  4  locknut. 


DIRECTIONS    FOE  INSTALLING  ACE  EEEL  END  ALARM 
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Series    of    diagrams    to    illustrate    installation    of    the    Ace    Reel    End    Alarm 


a  few  simple  instructions  must  be  carried 
out. 

Disassemble  all  parts  and  lay  out  as 
shown  in  Fig.  3.  Drill  a  5/16"  hole  in 
magazine  1  Y/'  below  the  top  hinge  on  the 
extreme  left  side,  close  to  side  wall  of  mag- 
azine  as   shown   in    Fig.    1.      Install  No.    3 


Now  put  through  magazine  No.  1  shaft  up 
to  stop  cap  and  lock  with  No.  5  locknut  to 
end  of  threads,  leaving  enough  for  the 
shaft  to  work  free.  Then  put  on  No.  6 
washer,  No.  7  spring,  No.  8  washer  and 
last  No.  9  binding  nut  as  shown  in  Fig.  4 
and  completed  as  in  Fig.  5.    There  is  a  felt 
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pad  which  is  glued  to  one  side.  Dampen 
with  a  little  water  the  glued  side  and  at- 
tach to  the  inside  of  magazine  where  the 
ball  bearing  roller  comes  down  and  hits 
the  side. 

You  are  now  ready  to  adjust  the  Reel 
End  Alarm.  Take  No.  10  chain  hook  and 
put  under  screw  on  hinge  of  door  Fig.  2. 
Rest  Ball  Bearing  Roller  on  pad  and  have 
spring  hammer  X/A"  away  from  bell  and 
tighten  No.  9  binding  nut.  Put  chain  under 
spring  around  top  and  continue  as  shown 
in  Fig.  2.  Now  with  door  open,  lift  up 
ball  bearing  arm  to  the  top  of  magazine,  so 
that  it  is  flush  with  side  wall.  Attach  chain 
to  No.  10  hook.  If  arm  is  not  completely 
flush  against  magazine,  move  No.  10  hook 
backwards  or  forwards  by  loosening  screw 
which  holds  it  in  place. 

Fig.  6  is  a  rubber  bumper  for  upper  and 
lower  magazine  which  prevents  chain  from 
stretching  and  door  banging  against  port- 
hole, etc.  These  may  be  purchased  from 
your  local  supply  dealer  with  full  instruc- 


tions for  installation. 

BEARINGS  MUST  BE  OILED  WITH 
FINE  OIL — one  drop,  twice  each  week. 


Arm  of  the  alarm  in  position  against  the 
film 


100 


SOUND  TRACK  THEATRE  BOOK 


PROJECTORS 
LENSES 


Coated  Lenses 

An  Aid  to  better  Projection 


By  DR.  A.  F.  TURNER 

Bausch  &  Lotnb  Optical  Co. 


In  1939  "coated"  lenses  were  offered 
to  the  profession.  They  gained  imme- 
diate and  widespread  acceptance,  and 
have  grown  in  popularity  ever  since.  Today 
in  thousands  of  projection  booths  through- 
out this  country  and  abroad,  discerning 
projectionists  rely  upon  these  lenses  to  put 
the  "extra  punch  in  the  picture"  due  to 
greater  screen  brilliance  and  contrast  in 
both  black  and  white  and  color  produc- 
tions. 

These  early  coated  lenses  were  accepted 
largely  on  faith  and  upon  the  reputation 
of  the  manufacturer,  with  little  reference 
to  the  basic  facts  about  coated  lenses  and 
how  the  coating  affects  the  optical  per- 
formance. Below  are  summarized  a  few  of 
these  facts  and  the  reason  why  "coated 
lenses"  may  be  considered  standard  equip- 
ment. 

The  improvement  which  coated  lenses 
have  on  screen  image  quality  can  be 
readily  inferred  by  a  casual  examination  of 
such  a  lens,  especially  if  it  be  compared 
with  an  untreated  one.  In  the  first  place, 
the  "insides"  of  the  barrel  of  the  filmed 
lens  are  more  easily  seen  than  of  the  un- 
treated one.  The  explanation  is  that  the 
glare  of  light  reflected  from  the  unfilmed 
lenses    obscures    one's    view    into    the    lens 


barrel.  It  is  the  same  difficulty  that  one  has 
in  looking  into  a  darkened  room  through  a 
window  on  which  the  sun  is  shining.  The 
coating  reduces  the  glare  to  a  point  where 
one  can  look  through  it,  as  it  were.  Some- 
times, in  fact,  with  the  illumination  just 
right,  it  seems  as  if  the  lenses  were  missing. 
Secondly,  if  a  piece  of  paper  is  held  be- 
hind the  two  lenses,  it  appears  consider- 
ably brighter  when  viewed  through  the 
filmed  one.  Evidently  more  light  is  passing 
through  the  coated  surfaces  than  through 
the  uncoated.  The  illustration  is  a  photo- 
graph of  a  pair  of  projection  lenses — one 
coated,  the  other  not. 

Reduction  of  Glare 

The  reduction  of  the  glare  from  the  lens 
surfaces  and  the  increase  in  transmission 
brought  about  by  the  surface  treatment  go 
hand  in  hand.  The  one  is  the  result  of  the 
other.  Most  of  the  light  which  before  coat- 
ing is  reflected  as  glare  is  reclaimed  by  the 
coating  process  and  allowed  to  pass  through 
the  lens  as  useful  image  forming  light. 
Consequently,  a  treated  lens  will  furnish 
a  brighter  screen  image  by  2  5  percent  or 
more. 

If  there  is  any  doubt  on  this  point,  just 
make  an   experiment  sometime  of  measur- 
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ing  your  screen  brightness  with  an  illumi- 
nation meter,  first  with  an  ordinary  lens, 
then  with  a  coated  lens  of  the  same  type. 
The  large  difference  between  the  two  will 
make  it  apparent  why  it  is  unsatisfactory 
to  attempt  to  use  a  coated  lens  in  one  pro- 


obtained  with  coated  optics  has  to  do  with 
the  effects  of  eliminating  flare.  In  this  con- 
nection the  results  on  the  screen  are  of  a 
more  subtle  nature  than  the  very  apparent 
brightness  increase  described  above.  They 
are,    however,    as    definite    to   the   exacting 


Comparison  of  uncoated  (left)  and  coated  projection  lenses,  showing  marked 
reduction  in  reflections  and  fredom  from  glare  in  the  coated  lens. 


jector  and  an  uncoated  in  the  second.  The 
sudden  jump  in  screen  brightness  upon 
changing  over  between  reels  is  as  discon- 
certing to  the  audience  as  to  the  operator. 
If  the  latter  is  having  his  first  experience 
with  coated  optics,  he  may  be  tempted  to 
think  that  the  current  in  the  projector  with 
the  untreated  lens  has  dropped  or  that  the 
carbons  are  out  of  adjustment. 

The  other  improvement  in  image  quality 


projectionist  as  the  improvement  he  ob- 
tains in  replacing  a  single  lens  by  a  more 
perfectly  corrected  one  which  will  give  him 
a  sharp  focus  from  the  center  out  to  the 
very  corners  of  the  screen. 

Prevents  Loss  of  Light 

The  coated  lens  goes  a  step  farther,  not 
by  increasing  sharpness  of  focus,  but  by 
enhancing    the    contrast.      Blacks    become 
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blacker — highlights  become  crisper — and 
colors  take  on  their  full  richness  and  bril- 
liance, not  being  diluted  with  scattered 
light.  This  is  all  due  to  the  reduction  of 
flare  in  the  lens,  brought  about  by  the  coat- 
ing process. 

As  the  projectionist  commonly  uses  the 
term  "flare,"  it  is  a  haze  covering  the  screen 
and  injuring  contrast  in  the  same  way  as 
the  footlights  would  were  they  left  on  dur- 
ing a  performance.  This  flare  is  closely 
related  to  the  above  mentioned  glare,  which 
made  it  difficult  to  see  the  inside  of  the 
barrel  of  the  ordinary  uncoated  lens.  Each 
of  the  glass  surfaces  in  the  assembly  re- 
flects a  small  portion  of  the  light  falling 
on  it.  Some  of  this  reflected  light  may 
again  be  reflected  as  another  surface,  and 
so  on.  The  net  result  is  that  a  fraction  of 
the  light  initially  falling  on  the  lens  be- 
comes a  sort  of  errant  light,  either  wander- 
ing toward  the  screen  or  toward  the  film 
strip — in  both  cases  useless,  as  far  as  image 
formation  goes.  In  fact,  it  is  worse  than 
useless,  because  it  clogs  the  true  image 
with  an  out-of -focus  haze. 

Although  the  amount  of  light  lost  by 
reflection  from  a  single  surface  seems  in- 
significantly small — possibly  five  percent — 
nevertheless  in  a  well  corrected  lens  with 
its  several  elements,  it  adds  up  to  a  rather 
large  value.  Thus,  in  a  four-element  lens, 
the  eight  surfaces  subtract  3  5  percent  of 
the  total  light  passing  through  them,  and 
of  this  3  5  percent,  a  considerable  portion 
may  ultimately  reach  the  screen  to  the  det- 
riment of  contrast  or  of  color  saturation. 
Coating  the  same  lens  greatly  decreases  the 
reflection  loss  from  each  surface.  This  not 
only  allows  correspondingly  more  light  to 
be  transmitted  directly  to  the  screen,  but 
at  the  same  time  practically  eliminates  the 
errant  multiply-reflected  light  which  gives 
rise  to  the  flare  so  damaging  to  contrast. 

Projection  lens  flare  is  often  more  diffi- 
cult to  evaluate  than  camera  lens  flare.  In  a 
camera  lens,  flare  can  take  the  form  of 
sharply  defined  ghosts,  the  existence  of 
which,  when  they  appear,  is  certainly  defi- 


nite. The  existence  of  haze,  on  the  other 
hand,  may  be  overlooked  except  to  an  ex- 
perienced eye.  If  a  direct  comparison  be 
made,  however,  between  the  images  from 
an  uncoated  and  a  coated  lens,  such  a  com- 
parison leaves  no  room  for  doubt  about 
the  superiority  of  the  coated  lens. 

Nature  of  Coatings 

The  coatings  to  which  the  lenses  owe 
their  augmented  brilliance  and  freedom 
from  flare  are  exceedingly  thin  transparent 
films  with  thicknesses  of  about  four  mil- 
lionths  of  an  inch.  Their  behavior  is  easily 
explained  in  terms  of  the  interference  of 
light,  which  is  also  the  underlying  cause 
of  the  colors  of  soap  bubbles. 

The  lens  coatings  also  appear  colored  in 
reflected  light.  Although  these  colors  may 
appear  to  be  very  pronounced  or  saturated, 
practically  no  perceptible  tint  is  imparted 
to  light  transmitted  through  the  lens.  It 
would  lead  too  far  to  go  deeply  into  the 
theory  of  these  effects  here.  It  must  suffice 
to  say  that  the  lens  coatings  are  practically 
equal  in  effectiveness  for  all  wave  lengths 
or  colors  of  the  spectrum.  There  need  be  no 
hesitancy  in  using  coated  lenses  for  color 
movies.  On  the  contrary,  it  was  with  colors 
that  they  first  gained  popularity,  having 
been  supplied  for  the  premieres  of  "Gone 
With  the  Wind." 

Here  are  three  essential  formulas  which 
many  managers  and  operators  may  have 
known  in  the  past,  but  can't  seem 
to  remember: 

To  find  lens  size,  divide  throw  by  screen 
width,  and  multiply  by  .82  5. 

To  find  throw,  multiply  lens  focus  by 
screen  width,  and  divide  by  .825. 

To  find  picture  width,  multiply  throw 
by  .825,  and  divide  by  lens  focus. 

The  interior  of  the  projector  lens  barrel 
is  painted  black  to  prevent  reflection  of 
light.  If  the  metal  should  show,  it  should 
be  recoated  immediately,  using  a  black  paint 
well  thinned  out  with  turpentine. 
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Their  Design,  Construction  and  Care 


By  E.  O.  KOLLMORGEN 

President,  Kolbnorgen   Optical  Corporation 


The  entire  investment  in  a  theatre  and  its 
equipment,  from  the  inviting  marquee  to 
the  closing  curtain,  is  aimed  at  a  single 
objective — projection  of  a  high  quality 
image,  with  faithful  sound,  amid  pleasant 
surroundings.  Since  patrons  pay  to  see  the 
picture,  it  is  evident  that  no  effort  should  be 
spared  in  throwing  the  best  possible  image 
on  the  screen.  To  this  end,  projectors,  light 
sources,  lenses — even  the  film  itself — have 
been  developed  to  a  point  approaching  per- 
fection. However,  the  picture  can  be  no 
better  than  the  lens  which  projects  it.  With 
this  obvious  but  often  forgotten  fact  in 
mind,  let  us  consider  just  what  a  good  pro- 
jection lens  has  to  do,  and  what  in  turn  we 
have  a  right  to  expect  from  it. 

Requirements 

The  requirements  of  a  projection  lens  are 
both  optical  and  mechanical.  While  the 
mechanical  problems  yield  to  straightfor- 
ward design,  the  optical  problems — in 
theory,  at  least — cannot  be  solved  com- 
pletely. In  other  words,  there  is  no  such 
thing  as  a  perfect  projection  lens.  The  best 
we  can  do  is  to  make  skillful  compromises 
between  conflicting  requirements.  In 
making  these  choices,  we  take  advantage  of 
the  psychological  aspects  of  human  vision. 
If  we  can  keep  the  imperfection  in  the 
projected  image  too  small  to  be  noticed  by 
the  eye,  we  have — for  all  practical  purposes 
— achieved  our  goal. 


Brilliant  Illumination 

First,  the  picture  must  be  bright  enough 
to  be  seen  comfortably.  Early  pictures 
were  shown  in  almost  total  darkness,  on  a 
small  screen,  with  a  short  throw.  These  con- 
ditions were  almost  ideal  from  the  projec- 
tion standpoint.  However,  as  theatres  in- 
creased in  size,  the  screen  became  larger 
and  the  level  of  auditorium  illumination 
was  increased.  These  developments  ad- 
versely affected  screen  illumination. 

Compensating  advances  were  made,  how- 
ever. More  and  more  powerful  arcs  were 
developed,  along  with  the  necessary  auxili- 
aries. Screen  design  showed  a  marked 
improvement.  Projection  lenses  meanwhile 
increased  in  "speed";  today,  lenses  as  fast  as 
f/2.0  are  common.  These  "fast"  lenses 
increase  screen  brilliance  by  utilizing  vir- 
tually every  ray  of  light  passing  through 
the  aperture. 

It  would  appear  that  the  limit  has  about 
been  reached  in  this  trend  toward  "faster" 
projection  lenses.  Improved  condenser  sys- 
tems have  increased  the  concentration  of 
light  in  the  projection  lens.  Further,  a 
"fast"  lens  is  a  large  lens — and  the  space 
available  in  existing  projectors  is  limited. 

A  more  spectacular  increase  in  the  light 
transmission  of  projection  lenses  results 
from  treating  the  individual  lens  elements 
with  an  anti-reflection  coating.  In  an  un- 
treated lens,  about  eight  percent  of  the  light 
is  lost  by  reflection  at  each  optical  surface. 
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To  prevent  this,  on  each  optical  surface 
there  is  deposited  a  thin  layer  of  magnesium 
fluoride  of  a  thickness  only  one-quarter  the 
wave  length  of  light.  The  increased  light 
transmission  is  most  noticeable  in  lenses 
having  several  elements — in  some  lenses,  as 


Contrast 

Along  with  brilliant  illumination,  con- 
trast is  an  important  factor  in  projecting  a 
picture  that  is  "easy  to  look  at."  By  con- 
trast is  meant  a  picture  with  crisp,  spar- 
kling highlights  and  rich,  deep  shadows  free 


Snaplite  Series  II — cutaway  view. 
The   Snaplite   f   2.0   Series   II   is   a  typical   four  element  lens   featuring  coated   lenses, 
black   anodized    finish    and   hermetically  sealed    mount.   It   is   never   necessary  to   take 
it  apart  for  cleaning. 


much  as  fifty  percent  of  the  light  is  lost  by 
reflection,  most  of  which  can  be  reclaimed 
by  treating  each  optical  surface  with  an 
anti-reflection  coating.  Adoption  of  coated 
lenses  is  the  easiest  way  of  putting  a 
brighter  picture  on  the  screen,  since  it  in- 
volves no  extra  current,  no  extra  heat,  and 
no  extra  equipment. 


from  "grayed-out"  or  "muddled"  effects 
of  spilled  light.  Here  again  the  anti-reflec- 
tion coatings  used  on  projection  lenses  have 
scored  a  considerable  improvement.  By  vir- 
tually eliminating  multiple  reflections,  these 
coatings  insure  that  no  stray  light  reaches 
the  screen — at  least  through  the  projector 
lens.      It    is   still    desirable    to   eliminate    as 
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much  as  possible  any  stray  light  falling  on 
the  screen  from  the  auditorium,  but  the  in- 
creased contrast  achieved  with  coated  pro- 
jection lenses  does  permit  the  somewhat 
higher  levels  of  house  illumination  current- 
ly being  favored. 


tion,  but  obviously  reduces  the  light  trans- 
mission. 

Better  definition  in  recent  lenses  has  re- 
sulted from  more  highly  developed  optical 
glass,  and  from  added  refinements  in  lens 
manufacture.      Modern     projection     lenses 


Super  Snaplite — cutaway  view. 
The  f  1.9  Super  Snaplite  is  the  fastest  projection  lens  available.  It  is  a  true  anastigmat 
with  six  elements,  anti-reflection,  coated,  secured  in  a  dust  and  oil  proof  hermetically 
sealed  one  piece   mount. 


Definition 

Projection  lenses  differ  widely  in  the  mat- 
ter of  definition  or  image  sharpness.  Here 
the  lens  designer  is  faced  with  a  dilemma: 
brilliance  vs.  definition.  A  "faster"  lens 
gives  a  brighter  picture  but  is  more  diffi- 
cult to  design  for  good  definition.  Adding 
elements    to    the   lens   can    improve    defini- 


have  sharp  enough  definition,  flatness  of 
field,  and  freedom  from  color  fringes  to 
satisfy  the  most  critical  observer.  Needless 
to  say,  improvements  are  still  being  effected, 
but  there  is  no  longer  any  excuse  for  an- 
noying color  fringes,  or  for  pictures  that 
are  sharp  in  the  center  and  blurred  at  the 
corners. 
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Distortion 

Because  of  the  relatively  long  focal  length 
lenses  used  in  most  theatres,  distortion — in 
the  strictly  optical  sense — has  never,  been  a 
problem  in  projection  lenses.  It  should  be 
remembered  that  elongation  of  the  image 
is  caused  by  high  projection  angles  and  not 
by  the  projection  lens.  The  same  is  true  of 
"keystoning",  or  widening  of  the  picture 
at  the  bottom,  with  its  characteristic  con- 
vergence of  vertical  lines  toward  the  top 
of  the  screen.  Longer  throws,  with  longer 
focal  length  lenses,  and  flatter  projection 
angles  will  overcome  these  troubles.  They 
can  be  reduced  somewhat  by  tipping  the 
screen  backward,  but  the  effect  anywhere 
but  in  the  center  of  the  house  is  usually 
so  grotesque  that  the  elongation  and  key- 
stoning  are  preferable. 

More  objectionable  "distortion"  is  often 
caused  by  location  of  seats  too  far  over  at 
the  side  of  the  house.  Optically  speaking, 
this  is  not  true  distortion,  but  merely  the 
familiar  law  of  perspective.  Several  screens 
have  been  devised  in  an  attempt  to  com- 
pensate for  perspective  when  the  screen  is 
viewed  from  the  side.  While  they  may  add 
to  the  illusion  of  naturalness  (which,  of 
course,  is  all  to  the  good),  they  can  never 
circumvent  the  laws  of  perspective.  The 
important  thing  to  remember  is  that  this 
type  of  "distortion"  is  not  true  distortion, 
but  the  natural  perspective  seen  when 
viewing  anything  obliquely.  In  any  event, 
all  the  projection  lens  can  be  expected  to 
do  is  to  throw  the  picture  on  the  screen — a 
literal  image  of  what  is  on  the  film.  Image 
elongation,  keystoning,  perspective — these 
are  not  the  fault  of  any  lens,  but  of  the 
conditions  under  which  it  is  used. 

Picture  Size 

The  picture  size  is  dependent  both  on 
the  throw  and  on  the  focal  length  of  the 
projection  lens.  The  longer  the  focal  length, 
the  smaller  the  picture  for  a  given  throw. 
It  is  for  this  reason  that  long  throws  require 
long  focal  length  lenses.  When  using  a 
chart  to  determine  the  focal  length  of  lenses, 
remember  that  the  throw  is  measured  from 


the  screen  to  the  aperture  of  the  projector, 
and  not  to  the  lens  itself. 

Sometimes,  when  changing  lenses  in  a 
projector,  the  size  of  the  picture  changes 
slightly,  although  the  focal  length  of  the 
new  lens  is  the  same  as  the  old  one.  The 
reason  is  that  no  focal  length  is  absolutely 
exact.  An  undetectable  variation  at  the 
projector  might  become  noticeable  on  the 
screen,  particularly  if  the  image  with  the 
new  lens  does  not  quite  fill  the  screen  to 
the  masking. 

To  avoid  this  annoyance,  Snaplite  pro- 
jection lenses  are  supplied  with  the  focal 
length  tolerance  on  the  minus  side.  For  in- 
stance, if  a  5"  Snaplite  shows  any  deviation, 
it  will  be,  say,  4.98  3"  focal  length.  This 
will  give  a  picture  slightly  larger  than  with 
an  exact  five  inch  lens,  so  no  trouble  should 
be  experienced  in  filling  the  screen. 

Life  of  Lens 

It  might  be  expected  that  the  life  of  the 
lens  is  indefinite,  since  it  is  made  of  metal 
and  glass  with  no  moving  parts.  However, 
oil,  dust,  improper  cleaning,  and  breakage 
during  handling  all  tend  to  destroy  the  use- 
fulness of  the  best  lens. 

The  better  type  of  modern  lenses  are 
made  in  one  piece  mounts  with  the  optics 
hermetically  sealed  in  to  exclude  oil  and 
dust  from  the  interior  surfaces.  Never  at- 
tempt to  open  a  sealed  lens.  It  should  be 
returned  to  the  manufacturer  for  cleaning, 
adjustment  and  resealing. 

Cleaning  and  Care 

Lenses  should  be  cleaned  carefully  every 
day  before  starting  up  as  part  of  the  reg- 
ular routine.  It  is  well  to  remember  that 
the  dust  particles  which  accumulate  on  a 
lens  are  frequently  harder  than  the  glass 
itself,  and  that  scratching  will  result  if  this 
dust  is  rubbed  into  the  lens  surface. 

The  best  procedure  is  to  remove  the  dust 
first,  using  a  clean  camel's  hair  brush, 
which  should  be  kept  clean  and  employed 
for  no  other  purpose.  The  surface  should 
then  be  cleaned  with  lens  tissue  moistened 
with  a  liquid  lens  cleaner,  grain  alcohol,  or 
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acetone,  and  then  dried  with  another  piece 
of  clean  tissue.  Cloths  usually  contain 
abrasive  particles  and  should  not  be  used. 
With  proper  care,  the  anti-reflection  coat- 
ings will  last  indefinitely. 

Lens  Mounting 

An  additional  advantage  of  the  one  piece 
lens  mounting  is  that  it  avoids  misalign- 
ment between  the  elements.  In  the  Snaplite 
Series  II  and  Super  Snaplite  lens,  the  mounts 
are  made  of  high  strength  aluminum,  fin- 
ished with  the  Alumilite  process.  This 
process  imparts  a  permanent,  non-flaking, 
and  non-reflecting  finish  to  the  interior  of 
the  mount.  The  aluminum  mount  has  the 
advantage,  because  of  its  lightness,  of  pro- 
ducing less  strain  on  the  lens  holder,  and 
consequently  less  tendency  to  vibrate  or 
become  misaligned. 


Accuracy  of  alignment  is  essential  to 
good  projection.  It  is  important  that  the 
light  source  reflector,  condensing  system, 
aperture  and  lens  be  held  rigidly  upon  a 
common  axis.  Modern  projectors  provide 
accurate  and  sturdy  brackets  for  the  lenses 
with  excellent  means  for  focusing.  It  was 
formerly  necessary  to  insert  lenses  in  only 
one  position  of  rotation,  but  with  the  mod- 
ern lens,  having  optics  correctly  centered  in 
the  mount,  this  is  unnecessary. 

A  prominent  projectionist  has  said  that 
the  best  investment  in  picture  quality  is  a 
good  lens.  In  many  theatres,  the  compara- 
tively small  investment  required  to  replace 
old  and  inefficient  lenses  will  pay  large  divi- 
dends in  screen  quality.  In  all  theatres  a 
common  sense  daily  routine  of  lens  care  is 
needed  to  keep  projection  equipment  at  its 
maximum  efficiency. 


'Is  there  any  chance  of  my  ever  getting  a  job  with  this  studio?' 
"There  may  be.  I  won't  live  forever." 
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Maintenance  of  Older  Vrojectors 


Mot/ograph  Model  "K" 


Many  experienced  projectionists — wheth- 
er they  are  working  with  the  Model  "K" 
or  not — are  familiar  with  the  operation  of 
the  projector,  which  is  perhaps  typical  of 
prewar  models.  While  this  article  on  the 
operation  and  maintenance  of  projectors  is 
intended  primarily  for  those  most  in  need 
of  instruction,  perhaps  even  the  veteran 
projectionist  may  find  much  that  may  be 
of  value. 

General  Specifications 

Case  and  Main  Frame.  The  design  of 
the  mechanism  is  based  on  a  cast  iron  case 
and  main  frame  ruggedly  constructed. 

The  Shutter.  Motiograph  offers  in  the 
Model  "K"  a  cylindrical  double  shutter, 
located  between  the  light  source  and  the 
aperture,  and  operating  horizontally.  This 
shutter  gives  maximum  light  on  the  screen 
with  complete  absence  of  "travel  ghost" 
and  flicker  for  the  full  life  of  the  mechan- 
ism, while  the  shutter  rotor  reduces  the 
heat  at  the  aperture  and  tension  plate. 

The  Intermittent  Movement.      In  the 

Model  "K"  intermittent  movement,  every 
moving  part — star,  cam,  cam  pin  and 
sprocket — is      made      of      hardened      steel, 


ground  and  fitted  together  precisely.  The 
use  of  self-lubricating  bushings  and  ball 
bearings  assures  silent  operation.  There  are 
no  gears  within  the  intermittent  that 
might  develop  back  lash  and  cause  picture 
jump. 

The  Film  Path.  Studio-type  guides  and 
rollers  reduce  side  motion  of  the  film.  The 
film  gate  is  of  heavy  steel  supported  at 
four  points  by  a  cast  iron  back  plate.  Its 
rigid  construction  holds  the  film  in  con- 
tact with  the  aperture  and  in  the  plane  of 
exact  focus  at  all  times.  Tension  shoes, 
sprockets  and  guides  are  of  hardened  steel, 
giving  extremely  long  life  to  the  entire 
film  path. 

Framing  and  Focusing.  The  Model 
"K"  has  dual  framing  controls,  enabling 
the  projectionist  to  frame  from  either 
side  of  the  projector  instantly  and  conve- 
niently. The  dual  micrometer  type  focus- 
ing control  knobs  are  also  accessible  from 
either  side.  A  quarter  turn  of  either 
focusing  knob  moves  the  lens  less  than 
eight-thousandths  of  an  inch,  eliminating 
the  possibility  of  running  through  the 
point  of  focus  with  modern  high  speed 
lenses. 
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The  Gear  Train.      All  of  the  steel  gears  Here    is    the    correct    way    to    thread    a 

and    shafts    in    the    Motiograph    "K"    are  Motiograph  (sec  Figs.  7  and  8): 

hardened   and   ground   to  micrometric    ac-  1.   Adjust    the    framing   device    so    that 

curacy,  making  for  long  gear  life  and  ex-  the  arrows  on  the  film  track  support  and 

tremely  low  maintenance  cost.  Every  shaft  the  lens  barrel  correspond, 

is  provided  with  a  removable  self  lubricat-  2.   Open    the    doors    of    the    upper    and 


Fig.    1.      The   Motiograph   Model   "K" 


ing  bushing,  which  renders  shaft  replace- 
ment virtually  unnecessary  for  the  entire 
lifetime  of  the  projector. 

Threading  the  Projector 

As  every  type  of  projector  is  threaded 
in  a  slightly  different  manner,  the  projec- 
tionist will  have  to  learn  about  the  machines 
he  must  handle.  Threading  the  Model  "K" 
is  easy  to  learn  and  easy  to  do. 


lower  magazines,  the  mechanism,  the  sound 
head,  and  the  rear  gate  of  the  mechanism. 

3.  Place  the  guide  rollers  of  the  mechan- 
ism  and   the   sound   head   in  open   position. 

4.  Set  the  timing  of  the  intermittent 
sprocket.  This  is  accomplished  by  turning 
the  mechanism  (employing  the  various 
means  provided  on  the  sound  head)  to  the 
point  where  the  intermittent  sprocket  is 
about   to   turn. 
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5.  Put  the  reel  in  the  upper  magazine 
and  lock  the  reel-latch,  pull  down  the  film 
until  the  leader  is  just  above  the  floor,  and 
insert  the  film  in  the  fire-trap  rollers. 

6.  Close  the  upper  magazine  door. 
(This  is  important — it  removes  a  fire 
hazard) . 

7.  Thread  the  film  over  the  upper  feed 


Fig.  2.  Main  frame  of  the  Model  "K" 

sprocket.     Close  the  guide  roller. 

8.  Grasp  the  film  with  the  thumb  and 
forefinger  of  the  right  hand  about  four 
inches  below  the  upper  feed  sprocket,  and 
place  the  film  in  the  studio  guides.  Simul- 
taneously, grasp  the  film  with  the  left  hand 
at  a  point  immediately  below  the  intermit- 
tent sprocket,  and  then  place  the  film  in 
frame  at  the  aperture,  allowing  about  four 
inches  of  slack  film  to  form  the  upper  loop. 
Hold     the     film     over     the     intermittent 


Fig.  3.  The  Model  "K"  intermittent 
movement 


sprocket,  then  close  the  rear  gate  with  the 
thumb  of  the  left  hand.    (Fig.  7). 

9.  Make  about  a  four  inch  loop  (the 
size  of  the  loop  will  sometimes  vary  a 
frame  or  so,  depending  upon  the  sound 
head  used),  and  place  the  film  under  the 
lower  guide  roller  and  over  the  lower  feed 
sprocket    (Fig.   8). 

10.  Thread  the  sound  head  and  insert 
the  film  in  the  lower  magazine.  Close  all 
the  doors. 

11.  Run  the  mechanism  to  the  proper 
starting  point  on  the  film.  Stop  it  at  that 
point,   and  you   are   all  ready  to  go  when 


Fig.  4.    The  film  gate  and  the  cast  iron 
back  plate 
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the  changeover  is  to  be  made. 

Timing  the  Shutter 

The  shutter  is  in  definite  working  ar- 
rangement with  the  "heart  of  the  projec- 
tor"— the  intermittent  movement.  If  the 
shutter  is  not  in  time  with  the  intermittent 
movement,  the  picture  on  the  screen  will 
show  "travel  ghost,"  and  consequently 
blurry  pictures. 

The  shutter  is  timed  perfectly  with  the  in- 
termittent movement,  but  should  the  neces- 
sity of  adjustment  arise,  the  Motiograph, 
unlike  most  mechanisms,  has  provision  for 
two  separate  methods.  No  special  tools  are 
required  to  make  either  adjustment. 

Fine  shutter  timing  adjustments  can  be 
made  with  the  projector  in  operation. 
Loosen  the  clamp  handle  on  the  shutter 
drive    shaft    bearing    assembly    (Fig.    20). 


Fig.  5.    Framing  controls  are  convenient 
from   either   side   of  the   projector 


Turn  the  knurled  timing  knob  on  the  gear 
side  of  the  shutter  housing  as  required  for 
perfect  timing,  then  tighten  the  clamp  han- 
dle firmly.  (In  earlier  production  of  the 
Model  "K"  the  timing  knob  was  located 
on  the  operating  side  of  the  mechanism). 
The  adjustment  mentioned  above  is  usu- 
ally sufficient  to  take  care  of  all  the  timing 
adjustments  that  need  to  be  made. 


In  a  few  cases,  most  frequently  after 
the  removal  and  subsequent  replacement 
of  the  intermittent  movement,  the  follow- 
ing adjustment  would  be  necessary  (See 
Fig.   11): 

1.  Remove  the  cover  over  the  shutter 
gears. 

2.  While  holding  the  shutter  blades 
firmly   to  prevent   turning,   loosen   the   cap 


Fig.  6.    The  dual  micrometer  type  focus- 
ing control  is  also  easily  accessible 

nut  on  the  bakelite  pinion  gear  with  about 
one  turn.  Pull  the  bakelite  pinion  gear  out 
slightly  to  disengage  it  from  its  locking 
ratchet.  This  operation  frees  the  blades 
from  the  bakelite  pinion  gear. 

3.  Center  the  steel  gear  directly  under 
the  bakelite  pinion  gear  with  the  fine  shut- 
ter timing  adjustment,  so  that  the  adjust- 
ment will  be  in  the  middle  of  travel. 

4.  Turn  the  projector  in  the  direction  of 
film  travel  until  the  intermittent  sprocket 
just  begins  to  move. 

5.  Set  the  leading  edge  of  one  shutter 
blade  exactly  even  with  the  indicating 
points  on  either  side  of  the  rear  opening  of 
the  shutter  housing. 

6.  Hold  the  shutter  blades  firmly  in  this 
position  while  the  cap  nut  is  tightened  to 
lock  the  bakelite  pinion  gear  into  its  ratchet 
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on  the  shutter  shaft.  isms  will  show  wear  over  a  period  of  time, 

The  shutter  should  now  be  in  time  with       thus  creating  lost  motion  in  the  gear  train 

the   intermittent    movement.    Any   further       which  invariably  causes  "travel  ghost"  on 


Fig.  7.    Threading  the  Model  "K" 


slight  adjustment  that  might  be  required 
can  be  made  when  the  mechanism  is  in 
motion  with  the  fine  timing  adjustment 
previously  described. 

Shutter  Drive  Gear  Adjustment 

The  shutter  gear  trains  on  all  mechan- 


the  screen.  Some  projector  manufacturers 
make  provision  to  eliminate  "travel  ghost" 
by  widening  the  blades  of  the  shutter, 
which  removes  the  difficulty,  but  causes  an 
appreciable  loss  of  screen  illumination. 

The  Motiograph  cylindrical  double  shut- 
ter was  designed  to  give  the  greatest  pos- 
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sible  amount  of  light  on  the  screen.  Any 
lost  motion  that  might  develop  because  of 
worn  shutter  gears  can  be  eliminated  with- 
out changing  the  width  of  the  shutter 
blades.      This   adjustment    not   only    causes 


Fig.  8.    The  Model  "K"  mechanism, 
showing  proper  threading 

no  loss  of  illumination  on  the  screen,  but 
eliminates  the  necessity  for  annual  replace- 
ment of  shutter  gears. 

When  the  shutter  drive  gears  have  worn 
sufficiently  to  require  attention,  they  may 
be  adjusted  in  the  following  manner: 

1.  Loosen  the  set  screw  in  the  collar 
on  the  near  end  of  the  shutter  drive  shaft. 


and  unscrew  the  collar  and  the  fibre  washer 
from  the  shaft. 

2.  Scratch  a  reference  mark  across  the 
end  of  the  shaft  bushing  (an  eccentric 
bushing)  and  the  steel  sleeve  which  holds  it. 

3.  With  the  blade  of  a  small  screw 
driver,  pry  the  bushing  out  of  the  steel 
sleeve  far  enough  to  free  its  teeth  (Fig. 
12). 

4.  Turn  the  bushing  one  notch  in  a 
clockwise  direction,  which  will  raise  the 
drive  shaft  and  the  steel  gear. 

5.  Restore  the  bushing  to  its  normal  po- 
sition with  the  reference  mark  one  notch 
away  from  its  original  location. 

6.  Replace  the  drive  shaft  collar  and  its 
fibre  washer.  See  that  the  end  play  of  the 
shaft  is  approximately  1 /64th  of  an  inch 
before  tightening  the  collar  set  screw. 

Operate  the  projector  with  light  until 
the  shutter  mechanism  is  thoroughly  warm, 
and  then  observe  the  shutter  gear  action. 
If  it  appears  that  more  than  a  one  notch 
correction  of  the  gear  mesh  is  needed,  re- 
peat the  operations  just  described.  Never 
change  the  mesh  more  than  one  notch  at  a 
time,  as  rapid  wear  and  noisy  shutter  op- 


Fig.  9.    Fine  shutter  timing  adjustments 

can  be  made  with  the  projector 

in  operation 
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eration  will  occur  if  the  gears  are  meshed 
too  tightly. 

Removing  the  Shutter  Assembly 

While  it  is  seldom   necessary  to  remove 


2.  Pinch  together  the  two  hinge  pins  at 
the  top  of  the  gate.  Lift  up  the  latch  at 
the  bottom  of  the  gate,  and  bring  the  en- 
tire gate  assembly  back  to  the  lamphouse. 

3.  Move    the    assembly    slightly    toward 


LOCK  NUT  TO  HOLD  BALL  BEARING  RACES 


INDICATING  POINTS 


COOLING  FINS 


SHAFT  LOCK  COLLAH 


HOLLOW  STEEL  SLEEVE 


STEEL  SHUTTER  DRIVE  GEARS 


KNURLED  TIMING  KNOB 


Fig.   11.    Shutter  drive   assembly,  with   gear  cover   and  bakelite  pinion  gear  removed 


the  shutter  assembly,  any  such  removal  is 
accomplished  in  the  following  manner  (see 
Fig.  13): 

1.  Remove  the  lock  nut,  the  flat  head 
screw,  the  sliding  washer  and  the  lock 
washer  from  the  film  gate  stop  arm  (see 
Fig.  9). 


the   operating   side   of    the   projector,    thus 
disengaging  the  gate  slide  link. 

4.  Pull  the  shutter  drive  shaft  out  of  its 
hollow  sleeve  (Fig.  13).  To  remove  the 
shutter  housing  from  the  gate,  take  out 
the  four  screws  in  the  inside  corners  of  the 
shutter  housing  which  attach  the  housing 


116 


SOUND  TRACK  THEATRE  BOOK 


to  the  gate. 

Follow    this    procedure    to    replace    the 
film  gate  and  shutter  assembly: 

1.    Attach  the  shutter  housine  to  the  rear 


and  slip  the  gate  into  position. 

6.  Insert    the    shutter    drive    shaft    into 
the  hollow  drive  shaft. 

7.  Turn    the    projector    by    hand    until 


LOCKING  RATCHETS 

SHAFT  BUSHING  (AN  ECCENTRIC  BUSHING) 
SLEEVE 


Fig.  12.    Photo-diagram  for  adjustment  of  shutter  gears 


gate  with  the  four  screws. 

2.  Make  certain  the  fire  shutter  is 
closed. 

3.  Hold  the  gate  assembly  in  normal 
open  position,  engaging  the  gate  slide  link 
in  the  lug  on  the  slide. 

4.  Place  the  top  of  the  gate  between  the 
hinge  pin  bearings,  seeing  that  the  yoke 
of  the  fire  shutter  lever  engages  the 
working  link  on  the  mechanism. 

5.  Pinch    the    two    hinge    pins    together, 


the  key  in  the  hollow  drive  shaft  engages 
with  the  key  slot  of  the  shutter  drive  shaft. 

8.  Replace  the  lock  nut,  the  flat  head 
screw,  the  sliding  washer  and  the  lock 
washer  in  the  stop  arm. 

Before  operating,  be  certain  that  the 
hinge  pins  are  properly  seated. 

Adjustment  of  Pilot  Lamp  Switch 

The  pilot  lamp  switch  housing  is  pro- 
vided   with   slotted    mounting   lugs.    If   the 
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switch  fails  to  operate  due  to  wear  of  the 
switch  plunger,  loosen  the  mounting 
screws  located  at  the  top  and  the  bottom 
of  the  switch  housing,  and  set  the  housing 


of  the  guide  roller  bracket,  however,  will 
probably  require  adjustment  a  few  times. 
This  adjustment  is  made  as  follows  (sec 
Fig.  14): 


LEVER  OF  FIRE  SHUTTER 


HOLLOW  STEEL  SLEEVE 


SHUTTER  DRIVE  SHAFT 


DOOR  LATCH 


Fig.  13.    Removing  the  shutter  assembly 


until  proper  operation  is  established. 

Adjustment  of  Film  Guide  Rollers 

The  guide  rollers  of  the  Motiograph 
Model  "K"  are  made  of  case  hardened 
steel.  If  they  are  kept  properly  cleaned 
and  lubricated,  they  should  wear  for  the 
life  of  the  projector  mechanism.    The  travel 


1.  Place  the  guide  roller  in  its  closed 
position. 

2.  Loosen  the  clamp  screw  located 
directly  to  the  right  of  the  stop  pin. 

3.  Turn  the  stop  pin  with  a  screw 
driver  until  the  clearance  between  the  roller 
and  the  sprocket  flange  is  equal  to  twice 
film  thickness. 
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4.   Tighten  the  clamp  screw  securely. 

Adjustment  of  Sliding  Frame  Tension 

Over  a  period  of  time  a  slight  amount 
of  wear  may  occur  in  the  square  and  round 
tie  rods  upon  which  the  shifting  frame 
travels.  Any  such  wear  will  cause  vibra- 
tion in  the  shifting  frame,  and  an  unsteady 
picture  on  the  screen. 

There  will  never  be  occasion  for  the  re- 
placement of  either  tie  rod,  but  it  may  be 
found  necessary  from  time  to  time  to  adjust 
the  shifting  frame  clamps  that  slide  on  the 
tie  rods.  The  tension  of  the  four  clamps 
on  the  tie  rods  should  be  equal,  and  great 
enough  to  prevent  vibration  of  the  shifting 
frame  without  making  framing  excessively 
difficult. 

The  screws  for  the  clamps  on  the  square 
tie  rod  may  be  reached  from  the  gear  side 
of  the  mechanism  (Fig.  15).  Holes  are 
provided  in  the  front  of  the  mechanism  for 
reaching  the  screws  for  the  clamps  on  the 
round  tie  rod.  Turn  the  framing  knobs  as 
required  to  make  the  clamp   screws   align 


STRIPPER  PLATE 
UPPER  FILM  GUIDE  ROLLER 


CLAMP  S  i 

UPPER  FEED  SPROCKET 


GUIDE  ROLLER  BRACKET 
ECCENTRIC  STOP  PIN 


SCREW  TO  TIGHTEN  LENS  BARREL 


Fig.   14.    Adjustment  of  the  film  guide 
rollers 


with  these  holes. 

Meshing  Projector  Drive  and 
Sound  Head  Gears 

Another  feature  with  Motiograph  is 
an  adjustment  to  mesh  properly  the  pro- 
jector drive  gears  with  the  sound  head 
drive  gears  without  the  necessity  of  using 
shims. 

This  adjustment  consists  of  two  screws 
set  into  the  mechanism  base  casting  under 
the  left  rear  half  door  (Fig.  15).  Removal 
of  the  door  exposes  these  screws  to  view. 
The  outside  headed  screw  is  tapped  into 
the  drive  gear  housing;  the  headless  screw 
is  tapped  into  the  mechanism  base  casting 
so  that  it  acts  as  a  stop  for  the  allowable 
up  or  down  movement  of  the  gear  housing 
produced  by  adjustment  of  the  headed 
screw.  Correct  gear  mesh  is  established  by 
loosening  both  screws  several  turns  so  that 
the  gear  housing  can  be  properly  positioned 
with  respect  to  the  sound  head  drive  gear. 
The  headed  screw  is  then  tightened  until 
it  is  just  seated,  and  the  headless  cock 
screw  is  then  tightened  against  the  gear 
housing  to  lock  it  rigidly  in  place,  as  it 
must  be  for  normal  operation. 

When  the  Model  "K"  mechanism  is 
used  with  the  Motiograph  SH-7500  or  the 
Northern  Electric  TA-75  00  sound  repro- 
ducer, the  drive  gear  adjustment  should  be 
approximately  in  the  middle  of  its  travel 
in  order  to  allow  sufficient  slack  in  the  link 
chain  connecting  the  reproducer  and  the 
mechanism. 

Removing  Toggle  Gear  and  Pinion 

The  Model  5"K"  has  in  its  bakelite  toggle 
gear  an  unusual  and  most  satisfactory  ar- 
rangement to  prevent  a  possible  bind-up 
from  stripping  the  entire  gear  trains  of  the 
projector  mechanism  and  the  sound  head. 
While  the  possibility  of  a  bind-up  is  re- 
mote, if  it  should  happen  this  gear  will 
strip  and  thus  prevent  the  stripping  of 
any  other  gear  in  the  mechanism  or  the 
sound  head. 

To  remove  the  bakelite  toggle  gear  and 
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pinion,  follow  these  instructions: 

1.  Remove  the  screw  on  the  end  of  the 
toggle  shaft,  which  is  located  in  the  lower 
left  corner  of   the  mechanism  on  its   gear 


4.  Push  the  toggle  shaft  and  gears  out 
toward  the  gear  side. 

The  replacement  of  the  bakelite  toggle 
gear    and    pinion    is    accomplished    by    the 


UPPER  SHIFTING  FRAME 


ROUND  TIE  ROD 


SQUARE  TIE  R00 


SHIFTING  FRAME  CLAMP 


SHIFTING  FRAME  CLAMP 


SCREWS  FOR  ADJUSTMENT  OF  MESH  BETWEEN  MECHANISM  DRIVE  GEARS 
AND  SOUND  HEAD  DRIVE  GEARS. 

Fig.   15.  Gear  side  of  mechanism,  showing  tie  rods  and  adjustment  of  mesh  between 
mechanism  and  sound  head  gears 


!    side  (Fig.  16). 

2.  Push  down  the  toggle  link  to  the 
!    nght. 

3.  On  the  operating  side  of  the  mechan- 
;  ism,  loosen  the  two  screws  on  the  toggle 
I    casting  (Fig.  17). 


reversal  of  these  instructions. 

Removing  the  Film  Track  Assembly 

The  film  tracks  may  be  cleaned  without 
removing  the  assembly  from  the  mechan- 
ism.   The  assembly  need  be  removed  only 
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when  it  is  necessary  to  replace  worn  tracks. 
When  occasion  arises,  the  removal  of  this 
unit  is  very  simple,  as  the  following  in- 
structions will  indicate. 

The  film  track  assembly  is  held  in  posi- 
tion by  four  screws  located  to  the  right  of 


is  indicated,  the  projectionist  will  find  that 
the  intermittent  movement  may  be  removed 
without  difficulty.  This  is  done  as  follows 
(see  Figs.  18  and  19). 

1.    Remove  the  gear  side  door   and  the 
left  half  of  the  rear  door. 


BAKELITE  T0G6LE  GEAR 


STEEL  PINION  WHICH  IS  PRESSED 


SCREW  ON  END  OF  T066LE  GEAR  SHAFT 


TOGGLE  LINK 

Fig.  16.    Bakelite  toggle  gear,  designed  to  prevent  stripping  of  entire  gear  trains 


and  above  the  intermittent  movement  on 
the  gear  side  of  the  projector  (Fig.  18). 
Upon  the  removal  of  these  screws,  the  en- 
tire track  assembly  may  be  taken  out  from 
the  operating  side  of  the  projector. 

Removing  the  Intermittent  Movement 

The  Motiograph  intermittent  movement 
is  so  well  constructed  and  assembled  that 
there  is  no  necessity  for  any  so-called  "easy" 
removal.  On  the  few  occasions  when  repair 


2.  Frame  the  mechanism  all  the  way  up. 

3.  Loosen  the  set  screw  on  the  lower 
feed-sprocket  stripper-plate  shaft,  and  turn 
the  stripper  plate  downward  until  it  clears 
the  sprocket. 

4.  Loosen  the  set  screw  holding  the 
pinion  gear  on  the  lower  feed-sprocket 
shaft,  push  the  shaft  toward  the  operating 
side,  and  remove  its  pinion  gear. 

5.  Remove  the  large  nut  on  the  main 
drive  gear  shaft.   (This  nut  has  a  left  hand 
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thread.) 

6.  Remove  the  main  drive  gear,  pushing 
the  shaft  toward  the  operating  side. 

7.  Remove  the  two  screws  in  the  shut- 
ter drive  casting,  and  cock  up  the  drive 
shaft  bracket  (see  Fig.  19). 

8.  Loosen  the  two  clamps  holding  the 
intermittent  movement  to  the  shifting 
frame.  The  movement  may  then  be  re- 
moved by  pulling  straight  out  with  a  slight 


"grind  house"  operation,  one  or  more  of 
these  minor  adjustments  may  be  required 
in  six  to  nine  months. 

The  projectionist  must  also  bear  in  mind 
that  the  parts  expand  to  some  extent  when 
they  become  heated  during  operation,  and 
adjustments  must  not  be  made  so  closely 
as  to  cause  binding  in  the  operation  of  the 
movement. 

1.     Sprocket   shaft  end   play  adjustment 


SCREWS  LOCKING  TOGGLE  SHAFT 
TOGGLE  SHAFT 


i TOGGLE  CASTING 


Fig.   17.  Toggle  casting 


oscillating  motion. 

Replacement  of  the  intermittent  move- 
ment may  be  made  by  the  reversing  of 
these  instructions. 

Intermittent  Movement  Adjustments 

The  intermittent  movement  is  an  ex- 
tremely delicate  mechanism  which  may  be 
damaged  by  improper  adjustments,  and 
projectionists  are  therefore  cautioned  to 
use  the  utmost  care  in  this  respect.  The 
various  adjustments  listed  below  would  be 
required  only  about  once  every  two  or  three 
years  in  the  average   theatre.     In  so-called 


(Fig.  20). 

Loosen  the  adjusting  pin  set  screw  in 
the  collar  on  the  outer  end  of  the  sprocket 
shaft.  Press  very  gently  inward  on  the 
knurled  end  thrust  adjusting  pin  to  take  up 
the  end  play.    Tighten  the  set  screw. 

2.    Cam  shaft  end  play  adjustment. 

First  loosen  the  two  locking  screws  in 
the  face  of  the  balance  wheel,  and  then 
loosen  the  two  set  screws  in  the  rim  of  the 
balance  wheel.  With  a  screw  driver  pry 
the  knurled  knob  outward,  which  will  auto- 
matically press  the  balance  wheel  inward 
and    thus    take   out    the    end    play.      Then 
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tighten  the  rim  set  screws  and  the  locking 
screws  in  the  face  of  the  balance  wheel. 

3.    Star  and  cam  adjustment. 

This  adjustment  should  not  be  attempted 


tion  shown  on  the  indicator  plate  to  bring 
star  and  cam  closer  together.  In  a  cor- 
rectly adjusted  movement,  the  sprocket  is 
held   firmly   in   its   rest  position,  while  the 


SCREWS  HOLDING  FILM  TRACK  ASSEMBLY 


LOCK  SCREW  FOR  BAKELITE  GEAR  AND  DOUBLE  PINION 


THESE  SCREWS  SHOULD  BE  REMOVED  SO  DRIVE-SHAFT  BRACKET  MAY  BE 
COCKED  UP  FOR  BEMOVAL  OF  INTERMITTENT  MOVEMENT  AND  BAKELITE 
GEAR  AND  DOUBLE  PINION. 

Fig.    18.     Gear   side   of   mechanism,   with   intermittent   movement   removed 


without  first  removing  the  movement  from 
the  mechanism.  Hold  the  movement  in 
one  hand,  and  turn  the  balance  wheel  until 
the  sprocket  is  in  about  the  middle  of  its 
rest  period.  With  the  fingers  on  the 
sprocket,  feel  the  amount  of  play  between 
the  cam  and  the  star.  To  remove  this  play, 
turn  the  two  adjusting  screws  in  the  direc- 


movement  feels  smooth  and  free  as  the  bal- 
ance wheel  is  rotated  in  its  proper  direction 
by  hand. 

Removing  Bakelite  Gear  and 
Double  Pinion 

The    following    instructions    are    rather 
superfluous,   inasmuch   as   it   is   highly   im- 
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probable  that  the  bakelite  gear  and  double 
pinion  will  require  replacement  more  than 
once  in  the  projector's  lifetime.  They  are 
given,  however,  in  order  to  make  this  de- 
scription complete    (see  Fig.    18): 

1.  Remove  the  intermittent  movement. 

2.  The  bakelite  gear  and  double  pinion 
are  held  in  place  by  one  lock  screw  on 
the  end  of  the  shaft.  The  gear  and  pinion 
assembly  may  be  removed  by  taking  out 
this  screw. 

Replacement  is  accomplished  by  the  re- 
versal of  these  instructions. 

Takeup  Maintenance 

The  lower  magazine  of  the  Motiograph 
Model  "K"  is  equipped  with  a  friction 
cone-type  takeup  requiring  little  attention 
(Fig.  21).  The  bearings  should  be  lubri- 
cated daily  with  a  few  drops  of  Motiograph 
Mechanism  Oil,  and  the  cork  cone  face 
should  be  lubricated  by  applying  about  two 
drops  of  oil  per  week  to  the  hole  in  the  cone 
support. 

Tension  is  adjusted  by  the  large  knurled 
nut  on  the  spindle  shaft.  Correct  tension 
is  that  which  will  slowly  accelerate  from 


Fig.   19.   Gear  side   of  the   Model   "K" 

showing  intermittent  movement  in 

process  of  removal 

rest  a  fully  loaded  reel  of  the  largest  size 
normally  used.    When  the  tension  is  prop- 


BALANCE  WHEEL  PINION 


SHUTTER  DRIVE  PINION 


BALANCE  WHEEL 

GREASE  PLUG 
CAM  PIN 


FLAT  SPOT  SO  BALANCE  WHEEL 
SET  SCREW  WILL  SEAT  PROPERLY 


INDICATING  PLATE 

STAR  AND  CAM  ADJUSTMENT  SCREWS 

ADJUSTING  PIN  SET  SCREW 
PIN  SET 
TERMITTENT  SPROCKET 


STAR  BUSHING 
\  STAR  SLOT 


STRIPPER  PLATE 


CAM  RING 


Fig.    20.     Photo-diagram    of   intermittent    movement 
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erly  set,  the  lock  nut  on  the  spindle  shaft 
should  be  tightened  against  the  knurled 
adjusting  nut. 

Irregular  or  jerky  takeup  action  is  evi- 
dence of  improper  tension  adjustment,  or 
indicates  that  cleaning  is  needed.  After 
disassembly,  the  parts  should  be  washed  in 
carbon  tetrachloride  or  some  other  suitable 
solvent,  and  the  dirt  and  grit  scrubbed  from 


Where  old  films  are  being  run,  the  fire 
trap  rollers  in  your  magazines  should  be 
examined  and  cleaned  each  day. 


Watch  sprocket  teeth  and  replace  them 
at  once  if  they  show  signs  of  hooking  or 
undercutting. 

•      •      • 

If  you  are  operating  a  mechanism  using 


CORK  DISC 


SPINDLE  SHAFT 


Fig.   21.   Friction   cone-type  takeup   of  lower  magazine 


the  face  of  the  cork  gripping  disc.  After 
the  parts  are  clean  and  dry,  soak  the  cork 
disc  in  mechanism  oil,  rub  a  little  graphite 
on  the  cork,  and  reassemble  and  adjust  the 
takeup. 


the  oil-bath  principle,  be  sure  that  the  oil 
is  changed  regularly,  for  foreign  matter  can 
accumulate  in  the  oil  which  may  cause 
much  damage  to  gears  and  shafts.  Use  the 
oil  recommended  by  the  projector  manu- 
facturer. 


Too  much  tension  on  the  takeup  is  tough 
on  sprocket  holes  and  sprockets.  How  long 
is  it  since  you  have  checked  your  takeups? 


The  over-oiling  of  a  projector  is  nearly 
as  bad  as  no  oil  at  all.  Wipe  off  all  excess 
oil  after  you  lubricate  your  projector. 
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The  Model  "A A" — a  Postwar  Type 


The  Monograph  "AA"  may  be  expected 
to  give  flawless  screen  performance  for  its 
entire  lifetime  with  an  absolute  minimum 
of  care  and  adjustment,  and  it  should  run 
for  years  before  any  part  replacements  are 
indicated. 

The  "AA"  mechanism  is  of  unit  con- 
struction, and  thus  it  is  possible  to  replace 
any  unit  without  removing  the  mechanism 
from  the  sound  reproducer.  All  units  can 
be  removed  so  easily  and  quickly  that  the 
entire  mechanism  may  be  taken  apart  in  a 
matter  of  minutes  instead  of  hours.  Replace- 
ment of  any  unit  can  also  be  made  quickly, 
and  as  it  can  be  put  back  into  place  in  one 
way  only,  it  is  impossible  to  reassemble  the 
mechanism  incorrectly. 

The  tools  required  to  completely  dis- 
assemble the  "AA"  are  six  Allen  wrenches, 
which  are  supplied  with  the  "AA."  (These 
can  be  replaced  at  any  hardware  or  automo- 
tive supply  store  in  the  event  of  loss.)  No 
wrenches,  hammers,  pin-pushers,  broaches, 
reamers,  or  special  tools  are  needed  to  take 
out  and  subsequently  replace  any  unit  of 
the  "AA." 

Care  of  the  "AA" 

The  only  daily  care  required  is  the  dust- 
ing and  cleaning  of  lens,  shoes,  tracks  and 
aperture. 

The  projection  lens  can  be  removed  by 
turning  the  "lens-lock"  control  at  the  front 
of  the  mechanism  (Item  18,  Fig.  1)  several 


turns  counter  clockwise.  The  stop  (Item 
13,  Fig.  1 )  is  set  during  original  positioning 
of  the  lens  in  the  carriage,  so  that  after 
cleaning,  the  lens  can  be  returned  to  its 
position  of  exact  focus. 

The  film  gate  of  the  "AA"  opens  one 
full  inch,  which  makes  it  possible  to  clean 
the  shoes,  tracks  and  aperture  without  re- 
moving any  of  these  units.  When  more 
careful  cleaning  is  indicated,  the  aperture 
and  tracks  (which  are  one  integral  unit), 
and  the  tension  shoes  (again  one  unit)  can 
be  easily  and  quickly  removed  and  replaced. 

Projectionists,  knowing  how  difficult  it  is 
to  remove  the  fire-trap  rollers  in  most  upper 
magazines,  will  be  glad  to  learn  that  the  fire- 
trap  rollers  in  the  "AA"  upper  magazine 
can  be  removed  for  cleaning  and  replaced  in 
a  few  minutes  without  removing  the  mag- 
azine from  the  mechanism.  As  much  film 
damage  originates  from  dirty,  sticking  or 
faulty  fire-trap  rollers,  Motiograph  has 
eliminated  a  source  of  film  mutilation.  The 
cleaning  operations  outlined,  along  with 
semi-annual  lubrication  in  a  few  spots,  are 
all  the  tasks  that  the  projectionist  is  re- 
quired to  perform  to  keep  his  Motiograph 
"AA's"  operating  at  peak  performance.  As 
the  following  diagrams  and  instructions 
will  show,  it  is  easy  to  make  any  adjust- 
ments and  replacements  that  might  be  in- 
dicated when  wear  ultimately  comes. 

The  Motiograph  "AA"  projector  mech- 
anism   can    replace    nearly    any    make    and 
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Fig.  1.  Front  view  of  lens 
carriage 

Item    10.   Lens  focusing 
knob 

Item    13.  Lens     barrel 
stop 

Item    18.   Lens       lock 
control 


model  of  projector  mechanism  on  any  sound 
reproducer  without  the  use  of  mechanism 
plates  or  adapters,  and  the  same  projector- 
sound  reproducer  driving  apparatus  mayalso 
be  used.  (Exceptions  are  that  the  "AA," 
like  all  other  modern  projectors,  is  not  in- 
terchangeable with  the  Powers  or  with  the 
Motiograph  "F,"  "H"  and  "HU"  projec- 
tors, unless  different  projector-sound  repro- 
ducer driving  apparatus  is  obtained  from  the 
manufacturer  of  the  sound  reproducer.) 

To  install  the  "AA,"  remove  the  fram- 
ing knob  and  covers  on  the  gear  side  of  the 
mechanism.  The  mechanism  may  then  be 
fastened  to  the  sound  reproducer  with  the 
machine  screws  furnished.  Most  modern 
sound  reproducers  require  the  use  of  two 
%"-16x%"  cap  screws  installed  from  the 
sound  reproducer  into  the  mechanism  base. 
With  some  sound  reproducers,  a  shorter 
%"-16x7/l6"  cap  screw  is  required  in  a 
hole  nearest  to  the  front  of  the  mechanism 
so  that  the  screw  does  not  strike  the  lower 


gear  of  the  mechanism.  Certain  older  sound- 
heads are  designed  to  employ  a  5/1 6"- 
18x7/16"  F.  H.  screw  inserted  through 
the  base  of  the  mechanism  into  the  sound- 
head. In  such  cases,  the  lower  feed  sprocket 
drive  gear  and  the  steel  gear  that  meshes 
with  the  drive  pinion  must  be  removed 
while  installing  the  screw. 

The  bases  of  the  "AA"  mechanisms  are 
carefully  machined,  as  are  the  tops  of  most 
modern  soundhead  castings,  so  no  shims  are 
usually  necessary  to  obtain  proper  clear- 
ance of  projector  drive  gears  when  the 
"AA"  mechanism  is  employed  with  mod- 
ern soundheads.  When  older  soundheads 
with  poorly  machined  castings  are  em- 
ployed, some  shims  may  be  required  between 
the  mechanism  and  the  soundhead. 

Remove  the  projector  drive  assembly 
from  the  mechanism  by  releasing  the 
clamps  on  the  lower  portion  of  the  center 
frame.  The  Allen  screw  (Item  5,  Fig.  2), 
located  between  the  teeth  of  the  steel  drive 
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pinion  (Item  4,  Fig.  2),  and  the  three  Allengfjciated  gear.  The  clamps  should  be  tightened 
screws  (Item  2,  Fig.  2)  located  in  thelfj  to  hold  the  entire  projector  drive  assembly 
socket  unit  (Item  1,  Fig.  2)  of  the  drive  #  rigidly  in  its  proper  position.  The  mechan- 
assembly,  should  be  released  sufficiently  toff?  ism  should  then  be  turned  over  by  hand  to 
enable    the    insertion    of    the    soundhead's jgl  ascertain   if   the   steel   drive   pinion   of   the 


Fig.   2.     Projector   drive   assembly 


Item 

1. 

Item 

2. 

Item 

3. 

Item 

4. 

Item 

5. 

Item 

6. 

Socket  unit  of  drive  shaft 

Three  Allen  screws  that  lock  projector  drive  pinion  in  place  in 

projector  drive  assembly 

Ball  bearing 

Steel  drive  pinion 

Allen  screw  that  locks  soundhead  drive  shaft 

Key  that  locks  pinion  to  shaft 


drive  shaft.  After  insertion  of  the  sound- 
head's drive  shaft,  the  Allen  screw  (Item  5, 
Fig.  2)  should  be  tightened  against  the  flat 
of  the  soundhead's  drive  shaft.  The  three 
Allen  screws  (Item  4,  Fig.  2)  should  be 
tightened  simultaneously  into  the  teeth  of 
the  pinion  on  the  drive  shaft.  The  entire 
projector  drive  assembly  should  then  be  in- 
serted into  the  mechanism  so  that  its  steel 
drive  pinion  meshes  properly  with  its  asso- 


projector  drive  assembly  is  in  proper  en- 
gagement with  its  associated  gear. 

After  the  sound  reproducer  and  projector 
mechanism  are  coupled  together,  the  covers 
and  framing  knob  should  be  replaced. 

Motiograph  furnishes  with  its  "AA" 
mechanism  a  removable  fire-trap  roller  as- 
sembly upon  which  the  upper  magazine  is 
mounted.  When  "AA"  or  other  modern 
upper  magazines  are  to  be  used,   they  are 
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easily  attached  to  the  fire-trap  roller  as- 
sembly. When  Motiograph  Model  "K"  up- 
per magazines  are  to  be  used,  the  fire-trap 
roller  assembly  furnished  with  the  "AA" 
projector  mechanism  should  be  removed,  as 
Motiograph  Model  "K"  magazines  have  an 
inbuilt  fire-trap  roller  assembly. 

Motiograph  "AA"  lower  magazines  fas- 
ten to  the  soundhead  in  the  conventional 
manner.  The  screws  provided  should  be 
inserted  in  the  soundhead,  and  then  the 
lower  magazine  should  be  slipped  into 
place,  so  that  the  fastening  screws  will 
engage  the  slots  on  the  top  of  the  lower 
magazine.  The  screws  should  then  be  tight- 
ened. 

After  the  necessary  connections  of  take- 
up  and  sound  reproducer  have  been  made, 
and  before  power  is  turned  on,  the  mechan- 
ism should  again  be  turned  over  by  hand  to 
make  certain  that  all  connections  have  been 
properly  made.  The  "AA"  mechanism  and 
magazines  will  have  been  properly  tested 
at  the  factory,  but  if  by  chance  any  adjust- 
ments are  necessary,  they  should  be  effected 
as  hereinafter  described. 

The  wiring  of  the  framing  light,  me- 
chanism light  and  changeover  is  installed 
in  the  mechanism  at  the  factory.  It  is  not 
necessary,  therefore,  for  any  wiring  to  be 
done  inside  of  the  mechanism  itself.  The 
wiring  diagram  (Fig.  3)  will  clearly  show 
the  electrical  connections  to  be  made  up 
to  the  mechanism. 

Installing  Lens 

Open  the  lens  lock  on  the  front  of  the 
lens  barrel  (Item  18,  Fig.  1).  Loosen  the 
lens  stop-lock  (Item  13,  Fig.  1)  on  the 
side  of  the  lens  barrel.  After  getting  the 
exact  lens  focus,  set  the  lens  stop  up  to 
the  end  of  the  lens  jacket  and  lock  it  into 
position.  Tighten  the  lens  lock,  and  the 
lens  will  then  be  in  exact  position. 

Threading 

1.  Turn  the  framing  handle  so  that  the 
reference  mark  on  its  dial  coincides 
with  the  "center"  indicator  marking. 


2.  Open  the  doors  of  the  upper  and  lower 
magazines,  mechanism,  and  sound  re- 
producer. 

3.  Open  the  film  gate,  separate  intermit- 
tent sprocket  shoe,  and  the  upper  and 
lower  pad  rollers.  The  film  gate  is 
opened  by  pushing  inward  on  the 
large  knob  just  below  the  lens  car- 
riage while  turning  it  clockwise  about 
a  half  turn.  The  intermittent 
sprocket  shoe  assembly  is  opened  by 
pushing  away  from  the  sprocket  the 
two  finger  grips  until  the  automatic 
latch  functions. 

4.  Set  the  timing  of  the  intermittent 
sprocket.  This  is  accomplished  by 
turning  the  mechanism  over  by  hand 
to  the  point  where  the  intermittent 
sprocket  just  begins  to  move,  indicat- 
ing that  the  cam  pin  is  about  to  engage 
a  star  slot.  Set  the  movable  indicator 
cap  in  the  outer  intermittent  sprocket 
bearing  so  that  one  of  the  four  en- 
graved lines  on  the  cap  will  be  in  line 
with  the  single  line  on  the  locking 
collar.  This  will  enable  the  projection- 
ist to  know  in  later  threading  opera- 
tions exactly  when  the  cam  pin  is 
engaging  one  of  the  star  slots. 

5.  Set  the  variable  shoe  tension  indicator 
to  the  desired  point,  "LOW,"  "STD," 
or  "HIGH."  (See  Fig.  2.)  The 
"LOW"  position  provides  a  film  ten- 
sion of  about  22  5  grams,  suitable  for 
new,  green  film.  The  tension  in  the 
"STD"  position  is  approximately  37  5 
grams,  which  is  correct  for  film  in 
average  condition.  The  "HIGH"  posi- 
tion increases  the  tension  to  around 
675  grams  to  aid  in  flattening  badly 
buckled  older  films. 

6.  Put  the  reel  in  the  upper  magazine 
and  lock  the  reel  latch.  Pull  down  the 
film  until  the  leader  is  just  above  the 
floor,  and  insert  the  film  in  the  upper 
fire-trap  rollers. 

7.  Close  the  upper  magazine  door.  (This 
is  important — it  removes  a  fire  haz- 
ard.) 


130 


SOUND  TRACK  THEATRE  BOOK 


8.  Thread  the  film  between  the  film 
guide  roller  and  the  upper  feed 
sprocket. 

9.  Grasp  the  film  with  the  thumb  and 
fore-finger  of  the  left  hand  about  four 
inches  below  the  upper  feed  sprocket, 
and  place  the  film  on  the  two  pins  on 
each  side  of  the  lighted  framing  aper- 
ture so  that  the  picture  is  in  exact 
frame. 

10.  While  holding  the  film  in  place  over 
the  framing  aperture,  place  the  film 
in  the  film  gate  and  over  the  inter- 
mittent sprocket;  then  close  the  inter- 
mittent sprocket  shoe  by  pressing  its 
actuating  button.  Press  inward  the 
large  gate  control  knob  to  release  its 
latch  and  thus  close  the  film  gate.  The 
film,  when  released,  will  come  up  from 
the  pins  on  the  framing  aperture  and 
form  the  correct  upper  loop.  Then 
close  the  upper  pad  roller.  (When  the 
film  is  placed  in  frame  upon  the  fram- 
ing aperture,  it  will  automatically  be 
in  correct  frame  at  the  picture  aper- 
ture.) 

11.  Make  about  a  four  inch  lower  loop 
and  place  the  film  under  the  lower  pad 
rollers  and  over  the  lower  feed 
sprocket  and  thence  down  to  the 
soundhead.    Close  the  pad  rollers. 

12.  Thread  the  soundhead  and  insert  the 
film  into  the  lower  magazine.  Close  all 
doors. 

13.  Run  the  mechanism  to  the  proper 
starting  point  on  the  film,  stop  it  at 
that  point,  and  you  are  all  ready  to  go. 

Lubrication 

Lubrication  of  the  "AA"  mechanism  is 
no  problem. 

All  gears  and  shafts  run  on  grease- 
packed  ball  bearings  which  require  no  fur- 
ther lubrication  for  their  long  lifetime. 

Grease-packed  ball  bearings  are  also  used 
on  both  the  star  and  cam  shafts  of  the  in- 
termittent movement.  The  intermittent 
movement  housing  is  equipped  with  a  large 
grease  reservoir  which  provides  lubrication 


for  the  meshing  of  the  cam  pin  and  the 
star  slots.  The  amount  of  grease  in  the 
movement  reservoir  will  be  more  than  suffi- 
cient to  last  six  months  under  average  pro- 
jection conditions.  The  grease  level  should 
be  checked  periodically,  and  more  grease 
inserted  if  necessary.  To  grease,  merely  re- 
move the  plug  in  the  face  of  the  movement 
housing  (Item  5,  Fig.  4)  and  use  the  grease 
gun  provided,  bringing  the  grease  up  to  its 
proper  level.  (If  an  oversupply  of  grease  is 
inserted,  the  surplus  will  come  out  of  the 
vent  on  the  gear  side  of  the  mechanism.) 

Later  movements  have  two  plugs.  The 
second  one,  located  below  and  to  the  left 
of  the  intermittent  sprocket,  serves  as  a 
grease  level  indicator.  In  filling  these 
movements,  remove  both  plugs  and  fill 
through  the  upper  hole  until  the  grease 
begins  to  pour  from  the  lower  hole. 

The  upper  guide  roller  (Item  1,  Fig.  4) 
and  the  film  guide  rollers  (Items  3  and  4, 
Fig.  4)  will  probably  require  semi-annual 
filling  of  the  grease  reservoirs  in  their  hol- 
low shafts.  This  is  accomplished  by  remov- 
ing the  Allen  screws  and  shooting  grease 
into  the  hollow  shafts.  The  upper  and  lower 
pad  rollers  (Items  2,  6  and  7,  Fig.  4)  will 
also  require  semi-annual  lubrication.  This 
is  accomplished  by  removing  their  knurled 
knobs,  and  shooting  grease  into  their  re- 
spective hollow  shafts. 

Under  practically  all  operating  condi- 
tions there  is  no  necessity  for  any  extra 
lubrication  on  the  gear  side  of  the  projector. 
When  delivered,  the  gear  teeth  will  have 
been  provided  with  a  fine  film  of  grease 
to  aid  in  the  running-in  process.  While  it  is 
not  necessary  to  renew  this  film  of  grease, 
some  projectionists  will  wish  to  renew  it 
annually  to  assure  continued  quiet  opera- 
tion of  the  gears. 

The  only  other  lubrication  task  is  to  put 
some  grease  on  the  four  points  on  the  gear 
side  of  the  inner  shifting  frame,  as  indicated 
on  Figure  5,  about  once  every  six  months. 

The  Intermittent  Movement 

Removal  and  subsequent  replacement  of 
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Fig.  4.   Lubrication  chart.   Operating  side   of   "AA"  mechanism 


Item    1. 
Item  2. 
Item   3. 
Item  4. 

Upper    guide    roller 
Upper  pad  roller 
Upper    film    guide    roller 
Lower   film   guide   roller 

Item  5. 
Items  6 

Intermittent    movement    grease    plug 
and    7.      Lower    pad    roller 

the  intermittent  movement  is  a  very  simple 
process  that  can  be  accomplished  in  a  few 
minutes'  time,  as  reference  to  the  following 
procedure  will  clearly  indicate: 

1.  Remove  the  framing  knob  and  covers 
on  the  gear  side  of  mechanism. 

2.  Remove  the  fly-wheel  on  the  intermit- 


tent movement  by  taking  out  the  two 

Allen  screws  that  lock  the  fly-wheel 

to  the  cam  shaft. 

Turn  the  framing  knob  to  its  "down" 

position. 

Open  the  film  gate  and  close  the  lower 

pad  rollers. 
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Fig.  5.      Lubrication  chart.  Gear  side  of  "AA"  mechanism 

Item    1.  Hole   to   grease    vertical   shaft   on    timing   adjustment 

Item   2.  Hole  to  grease  gear  on   fine  shutter-timing  adjustment 

Item   3.  Hole   to   grease   vertical   shaft   casting 

Item   4.  Hole  to  grease  vertical  shaft  on  timing  adjustment 


5.  Release  (do  not  remove)  the  Allen 
screws  on  the  three  clamps  that  hold 
the  movement  in  proper  position,  and 
push  the  clamps  away  from  the  move- 
ment.   (Clamps  are  located  on  operat- 


ing side  of  the  mechanism.  See  Fig.  6.) 
6.  Rotate  the  movement  to  the  right 
about  one-quarter  turn,  which  will 
free  the  balance  wheel  pinion  and  per- 
mit  the   movement   case   to  clear   the 
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Fig.   6.      Unlocking   the   intermittent   movement 
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Fig.    7.      Removing    the   intermittent    movement 
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lower  film  guide  roller.  The  movement 
can  then  be  pulled  out  from  the  oper- 
ating side.  (See  Fig.  7.) 
The  movement  is  replaced  by  reversing  this 
procedure.  When  the  intermittent  move- 
ment is  replaced,  be  sure  that  after  inser- 
tion it  is  properly  rotated  so  that  the  bal- 
ance wheel  pinion  engages  the  movement 
drive  gear  and  the  movement  case  comes  up 
tightly  to  the  stop  set  in  the  inner  shifting 
frame  assembly. 

Sprockets 

The  upper  and  lower  feed  sprockets  are 
removed  by  taking  out  the  Allen  screws 
in  the  hubs  of  the  sprockets.  They  can  then 
be  reversed  or  replaced  quickly. 

The    intermittent    sprocket    can    be    re- 


versed or  replaced  without  the  necessity  of 
removing  the  intermittent  movement  from 
the  mechanism.  To  remove  the  intermittent 
sprocket,  back  out  the  tapered  screw  in  the 
hollow  star  shaft  until  it  comes  to  a  full 
stop,  release  the  two  screws  in  the  locking 
collar  and  remove  the  collar,  take  off  the 
outboard  bearing  by  removing  the  single 
fastening  screw  which  holds  it  on  its  locat- 
ing dowels,  release  the  stripper  anchoring 
set  screw  at  the  bottom  of  the  same  hole, 
and  slip  out  the  stripper  to  release  the 
sprocket. 

Gears 

Most  gears  in  the  gear  train  can  be  re- 
moved by  simply  loosening  the  Allen  screw 
(Item  2,  Fig.  8)  in  the  face  of  the  decora- 


Fig.  8 


Item    1.     Ball  bearing  retaining 
ring 

Item   2.    Allen  screw  locking 
gear  to  stud 

Item   3.    Decorative  dust  cap 

Item   4.     Screw  fastening  stud 
to   center  frame 

Item  5.    Gear 

Item   6.    Stud 

Item   7.    Ball  bearing 
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Fig.    9.      Removing   tension    shoe 


tivc  dust-cap  (Item  3,  Fig.  8)  that  fastens 
the  gear  to  its  attendant  shaft  or  stud. 
(Item  6,  Fig.  8.) 

To  remove  the  steel  gear  that  meshes 
with  the  drive  pinion  of  the  projector  drive 
assembly,  it  is  necessary  to  remove  the  Allen 
screw    (on   the  operating  side  of   the  pro- 


jector mechanism)  located  below  and  to  the 
right  of  the  lower  feed  sprocket.  The  gear 
and  its  attendant  stud  can  then  be  removed. 

Bearings 

All     gears     run     on     double-row     grease 
packed  ball  bearings  (Item  7,  Fig.  8).  The 
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outer  races  of  the  bearings  are  locked  to  the 
hub  of  the  gear  by  a  simple  retaining  ring. 
To  remove  the  bearing,  simply  squeeze  the 
protruding  ends  of   the  retaining  ring  to- 


Shafts   and  Studs 

Because  the  inner  race  of  the  ball  bear 
ing  is  securely  locked  to  the  gear,  there  is 
nothing  turning  on  the  shaft  or  stud,  and 


Fig.  10.      Removing  aperture  and  tracks 


gether,  and  the  bearing  will  come  out  of  the 
gear  hub.  As  the  ball  bearings  used  will  out- 
wear even  the  long  wearing  gears  of  the 
"AA,"  there  should  be  no  necessity  for 
bearing  replacement  prior  to  the  time  when 
gear  replacements  are  indicated. 


consequently  there  is  no  wear  on  shafts  and 
studs. 

Lights 

The  framing  light  is  replaced  by  removal 
of  the  cap  on  the  top  of  the  mechanism  just 
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Fig.    11.     Sectional    diagrams   of   the 
intermittent   movement 
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over  the  double  shutter.  The  mechanism 
light  is  removed  by  taking  out  the  two 
Allen  screws  that  hold  the  cover  of  the 
light  diffusing  fixture.  (See  Fig.  9.)  The 
mechanism  lighting  system  is  designed  for 
115  volt  operation.  Where  local  regulations 
prohibit  standard  lamps,  low  voltage  lamps 
operating  from  a  step-down  transformer 
can  be  utilized. 

Tension  Shoe  Removal 

To  remove  the  tension  shoe  unit  for  rou- 
tine cleaning  or  replacement,  pull  back  the 
plunger  at  the  top  of  the  gate  body  and 
then  push  up  on  the  shoe  unit  and  lift  out. 
(See  Fig.  9.)  It  is  even  more  easily  re- 
placed by  entering  the  studs  on  the  tension 
shoe  unit  into  the  two  gun  locks  on  the 
face  of  the  gate  body  and  pushing  the  shoe 
downward  until  it  locks  shut. 

Track  and  Aperture  Removal 

The  tracks  and  aperture  of  the  "AA" 
mechanism  are  one  integral  unit.  This  unit 
is  removed  by  backing  out  the  single,  long, 
cone-point  socket  head  screw  which 
anchors  the  unit  to  the  support  casting. 
(See  Fig.    10.) 

Adjusting  the  Intermittent  Movement 

The  two  major  movement  housing  cast- 
ings (Items  1  and  2,  Section  AA,  Fig.  11) 
are  held  firmly  together  with  a  gasket 
(Item  3)  by  four  socket  head  cap  screws 
(Item  4,  Section  A).  Holes  for  these  screws 
in  the  casting,  (Item  2)  are  somewhat 
larger  than  the  screw  diameters,  and  this 
casting  is  movably  pinned  to  the  (Item  1) 
casting  at  a  point  just  to  the  right  of  the 
upper  screw  hole  (Section  CC,  Fig.  11). 
The  two  set  screws  (Items  D  and  E  of  Sec- 
tion CC)  set  into  the  rim  of  the  Item  2 
casting,  bear  against  pins  fixed  in  the  Item 
1  casting,  and  extend  into  clearance  holes  in 
the  Item  2  casting.  It  is  thus  possible  to  ac- 
curately adjust  the  clearance  between  the 
cam  ring  and  the  star  radius  surfaces  by 
means  of  set  screws  D  and  E  after  slightly 
loosening  the  main  fastening  screws 
(Item  4). 


Adjusting  the  Changeover 

The  electrical  changeover  device  in- 
cludes thermostatic  protection  for  the 
operating  coils.  To  speed  the  action  of  the 
changeover,  turn  the  adjusting  screw  on 
the  top  of  the  changeover  to  the  left.  To 
slow  the  action,  turn  to  the  right. 

Timing  the  Shutter 

Timing  of  the  shutter  of  the  "AA"  is  a 
relatively  simple  matter  and  can  be  effected 
in  a  few  minutes  without  the  use  of  special 
tools  and  devices,  using  merely  the  Allen 
wrenches   provided    with   the   mechanism. 

Following  is  the  shutter  timing  proce- 
dure: 

1.  Turn  the  fine  shutter  timing  control 
knob  to  a  point  where  the  two  pinions 
are  in  the  center  of  their  travel. 

2.  Insert  the  hexagon  wrench  through 
the  small  reference  hole  located  in 
the  boss  just  below  the  gear,  and  re- 
volve the  movement  balance  wheel 
until  the  wrench  enters  the  drilled 
reference  hole  in  the  end  of  the  shut- 
ter blade. 

3.  Loosen  the  screw  on  the  shutter  drive 
gear  to  disengage  the  shutter  blade 
from  the  gear  train. 

4.  Leave  the  wrench  inserted  in  the  ref- 
erence hole.  Turn  the  mechanism  over 
by  hand  to  the  point  where  the  move- 
ment's cam  pin  is  about  to  engage  a 
star  slot,  as  shown  by  alignment  of  the 
markings  on  the  intermittent  sprocket 
shaft's  locking  collar  and  on  the  posi- 
tion indicator  cap  surrounding  it.  (As 
a  further  check  on  the  sprocket  posi- 
tion, the  projectionist  may  prefer  to 
place  his  finger  on  the  sprocket  as  it  is 
turning,  so  that  he  can  actually  feel 
the  cam  pin  engaging  a  star  slot.) 

5.  Tighten  the  clutch  screw,  and  remove 
the  wrench.  This  timing  arrangement 
is  quite  accurate,  but  any  small  errors 
in  timing  between  shutter  and  move- 
ment can  be  compensated  during  op- 
eration by  the  variable  fine  shutter 
timing  control  located  at  the  front  of 
the  mechanism. 
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Fig.    12.      Double   pad   roller 


Item   1. 

Lock  screw 

Item   2. 

Adjustment  set  screw 

Item  3. 

Lock  screw 

Item  4. 

Spring 

Item   5. 

Ball  bearing 

Item   6. 

Lock  screw 

Item   7. 

Adjustment  set  screw 

Pad   Roller   Adjustment 

First  loosen  the  lock  screw  (Item  1, 
Fig.  12).  Then  turn  the  screw  (Item  2, 
Fig.  12)  until  the  rollers  are  separated  from 
the  lower  feed  sprocket  by  an  amount  equal 
to  two  thicknesses  of  film.  Be  sure  the 
rollers  turn  freely,  and  then  lock  them  into 
position  by  tightening  the  screw  (Item  1, 
Fig.  12).  If  greater  or  less  tension  in  open- 
ing and  closing  of  the  entire  pad  roller  as- 
sembly is  desired,  loosen  the  screw  (Item  3, 
Fig.  12).  To  increase  tension,  turn  the 
screw  (Item  7,  Fig.  12)  to  the  right.  To 
decrease  tension,  turn  the  screw  to  the  left. 
The  upper  pad  roller  is  similarly  adjusted. 

"AA"  Magazines 

Completely  eliminated  on  the  "AA"  up- 


per magazines  is  the  familiar  spring  tension 
device  of  the  old  style  upper  magazine  with 
its  inefficient  adjustment  provisions.  The 
reel  shaft  tension  device  on  the  "AA"  mag- 
azine is  fully  enclosed,  and  its  few  working 
parts  run  in  a  bath  of  oil  which  should  last 
for  many  months  without  change  or  addi- 
tion. 

The  "AA"  lower  magazine  is  inter- 
changeable with  all  other  modern  makes  of 
magazines.  It  may  be  used  with  any  pro- 
jector mechanism  or  sound  reproducer 
without  changing  its  standard  pulley  or 
shaft,  and  it  may  be  driven  with  modern 
V  belts  or  round  belts.  The  take-up  is  fully 
enclosed,  and  also  operates  in  a  bath  of  oil. 

The  adjustment  of  tension  of  both  the 
upper  magazine  reel  shaft  and  the  friction 
take-up  of  the  lower  magazine  is  identical. 


MODERN  PROJECTOR  MAINTENANCE 


141 


To  adjust,  remove  the  slotted  screw  and  its 
attendant  gasket  on  the  rear  of  the  maga- 
zine. Release  the  lock  set  screw,  and  turn 
the  center  screw  in  the  desired  direction. 
(Turning  the  center  screw  to  the  right  in- 
creases tension — turning  the  screw  to  the 
left  decreases  tension.)  After  the  desired 
tension  has  been  obtained,  the  set-screw 
should  be  locked,  and  the  gasket  and  slotted 
screw  should  be  replaced. 

•  9        • 

A  toothbrush  is  the  best  thing  to  clean 
shoes  and  tracks.  If  you  are  one  of  those 
fellows  who  insist  on  using  a  screw  driver 
to  do  this  cleaning  operation,  next  time 
use  a  penny  or  a  nickel,  as  the  softer  metal 
in  these  coins  won't  make  a  burr  on  tracks 
or  shoes  that  will  create  some  unlovely 
scratches  on  the  next  films  you  run. 

•  •      • 

If  your  aperture  becomes  smoky  and 
dirty  from  a  film  fire,  put  a  little  peroxide 


on   a   rag   and   rub   the  aperture   diligently. 
You  will  find  it  will  look  just  like  new. 


If  you  have  glass  in  your  projection  port 
holes,  be  sure  that  it  is  cleaned  properly. 

•  •       • 

A  projector  mechanism  that  is  cleaned 
properly  will  outlast  a  dirty  one  by  many 
years,  and  the  cost  of  upkeep  will  be  mate- 
rially  less  over  its   lifetime. 

•  ©       © 

Keep  the  film  gate,  sprockets,  guide  and 
pad  rollers  free  of  emulsion  if  you  are 
interested  in  saving  film. 

•  •       • 

The  proper  clearance  between  pad  rollers 
and  sprockets  is  two  thicknesses  of  film. 

•  •        9 

Keep  the  contacts  on  knife  swatches  well 
burnished. 


FILM 


The  Yilm  splice 


Film  exchanges  have  always  ende 
to  provide  prints  in  first  class  con 
and  thus  do  their  part  to  bring  abou 
picture  presentation. 

The  principal  cause  of  poor  film 
tions  probably  lies  in  the  theatre 
themselves.  Projectors,  magazines, 
reproducers  and  film  rewinders  that 
have  been  discarded  are  still  in  daily 


avored 
dition, 
t  good 

condi- 
booths 

sound 
should 

use  in 


thousands     of     theatres     throughout     the 
United  States  and  Canada. 

We  need  do  no  more  than  mention  the 
things  that  can  cause  film  damage  in  the 
booth — rough  handling,  worn  sprocket 
teeth,  improperly  adjusted  film  tension 
systems,  improper  tension  of  the  take-up, 
badly  adjusted  idlers,  and  excessive  speed 
in  rewinding.    Poor  film  splices  arc  also  the 
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Examples   of  good   film  splices 


cause  of  much  film  damage,  not  to  men- 
tion the  difficulties  they  occasion  in  the 
proper  presentation  of  pictures  or  in  creat- 
ing fire  hazards. 

Many   Bad   Splices 

While  undoubtedly  every  experienced 
projectionist  can  make  a  proper  splice, 
many  are  sometimes  careless  and  make 
poor   splices.      When   you   add    these   care- 


lessly made  splices  to  those  made  by  green 
projectionists  and  film  inspectors,  you  have 
generally  poor  film  conditions  that,  of 
course,  militate  against  good  picture  pres- 
entation. 

There  have  come  into  the  offices  of  THE 
SOUND  TRACK  a  great  many  communi- 
cations from  projectionists  remarking 
about  the  increasing  number  of  poorly 
made  film  splices,  so  it  must  be  that  they 
are  increasing. 


Some  poor  film  splices 
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We  urge  first  that  each  booth  have  a 
good,  reliable  film  cement,  and  that  the 
cement  container  be  capped  tightly  when 
not  in  use. 

A  number  of  experienced  projectionists 


Steps   in    making   a   perfect    film   splice — 

first   raise   the   left   clamp    and   the   upper 

jaw   of   the   right   clamp. 

know  how  to  make  a  good  hand  splice,  but 
inasmuch  as  a  mechanical  film  splicer  can 
do  the  job  so  very  much  easier  and  better, 
we  recommend  the  use  of  a  good  mechani- 


Left   film   clamp   has   been   brought  down 
to  cut  film. 


cal  film  splicer.  One  of  the  best,  the  Gris- 
wold,  can  be  obtained  in  the  U.S.A.  for 
approximately  $2  5.00 — not  a  very  large 
investment  when  one  considers  how  many 
difficulties  can   be  eliminated   by  its  use. 


Place  the  film  emulsion  side  up  on  lower 

right    jaw,    and    bring    down    upper    right 

jaw. 


Right  film  clamp    (with  film)    is  raised. 

How  to  Make  Splices 

A  good  splice  requires  that  each  end  of 
the  film  be  cut  at  exact  right  angles  to  the 
length  of  the  film.  A  Griswold  film  splicer 
just  can't  cut  the  ragged  ends  of  the  film 
any  other  way. 

Following  is  the  proper  procedure  for 
film  splicing,  using  Griswold  film  splicer 
Model  R2  or  Model  T. 
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The  other  section  of  film,  emulsion  side 

up,    is    placed    on    lower    left    jaw,    and 

upper  left  jaw  brought  down. 

1.  Swing  up  the  upper  jaw  of  the  right 
film  clamp  against  the  stop,  and  swing  both 
the  upper  and  lower  jaws  of  the  left  film 
clamp  up  against  the  stop. 

2.  Place  the  film,  emulsion  side  up,  on 


Bring  down  right  clamp  to  cut  film  and 
swing  back  again  to  stop. 


the  lower  right  jaw  with  a  frame  line  on 
the  left  edge  of  the  lower  cutting  blade, 
and  bring  the  upper  right  jaw  down  on 
the  film.  (If  you  can't  tell  which  is  the 
emulsion  side  of  the  him,  wet  your  lips  and 
touch  the  film  to  them.    The  emulsion  side 


will  stick  to  your  lips,  while  the  celluloid 
will  not.) 

3.  Bring  down  both  the  upper  and 
lower  jaws  of  the  left  film  clamp  which 
cuts  the  him. 

4.  Raise     both     the     upper    and     lower 


4 


With  dampened  felt  disc,  moisten  emul- 
sion of  film  on  left  jaw. 


jaws  of  the  right  film  clamp  with  film. 

5.  Swing  the  upper  jaw  of  the  left  film 
clamp  back  against  the  stop.  Place  the 
other  section  of  film,  emulsion  side  up, 
with  a   frame   line  upon   the   left  edge  of 


With  brush  end  of  scraper  downward, 
insert  lip  between  guide  and  lower  shear 
blade,  and  scrape  emulsion  from  film. 
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the    lower    cutting    blade,    and    bring    the 
upper  left  jaw  down  on  the  film. 

6.  Bring  down  both  the  upper  and 
lower  jaws  of  the  right  film  clamp  which 
cuts  film;  then  swing  back  both  jaws  of  the 
right  film  clamp  to  the  stop. 

7.  Moisten  the  emulsion  on  the  film 
held  by  the  left  clamp  overlapping  the 
lower  shear  blade. 

8.  With  the  brush  end  of  the  film 
scraper,  insert  lip  between  guide  and 
lower  shear  blade,  incline  scraper  in  the 
direction  of  travel,  and  scrape  emulsion 
from  center  of  film  each  way. 

9.  Brush  off  any  particles  of  emulsion 
that  remain  on  the  film  after  scraping. 

10.  With  the  left  hand,  raise  the  left 
clamp  with  film  so  that  the  film  is  about 
l/4"  above  the  lower  shear  blade.  While 
the  film  is  being  held  in  this  position,  apply 
cement  with  one  stroke  of  the  brush,  then 
bring  the  left  clamp  down  on  stop  and  im- 
mediately bring  right  film  clamp  carrying 
the  other  section  of  film  down  on  stop. 
After  allowing  a  few  seconds  for  the  in- 


Apply   cement  to   film. 


itial  set  of  cement,  raise  the  upper  jaws  of 
right  and  left  film  clamps  and  wipe  oft* 
surplus  cement  with  a  dry  cloth. 

You  now  have  a  perfect  film  splice  with 
the  patch  right  upon  a  frame  line,  which 
will  hold  securely  and  eliminate  the  ne- 
cessity for  framing  the  projector  during 
the  showing  of  the  film. 


Bring  down  both  clamps,  and  allow  a  few  seconds  for  set  of  cement.    You  now  have 

a    perfect    splice. 
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Yilm  Splices  and  Yilm  Care 


irom  time  to  time  THE  SOUND  TRACK  has  received 
and  published  letters  from  projectionists  embodying  some 
interesting  and  helpful  ideas  on  film  splicing,  and  film  care 
in  general.  Pertinent  extracts  from  these  letters  are  repro- 
duced herewith. 


FILM  SPLICES 


I  am  enclosing  a  sample  of  a  film  splice  I  have 
been  making  for  years  and  have  found  them 
supreme  to  any  film  patch  ever  made. 


I  was  employed  by  the  Canadian  Universal 
Film  Exchange  in  Toronto,  Canada,  as  reviser 
of  film,  and  made  several  hundred  splices  as  per 
sample.  After  two  years  of  use  in  theatres,  I  found 
several  still  in  use,  which  only  proves  my  state- 
ment that  the  sample  enclosed  is  a  supreme  super 
dupe  of  a  splice. 

To  make  this  splice,  cut  film  in  machine  as 
usual  and  scrape  off  emulsion,  then  cut  corners 
off   as   shown.    This   will   prevent   corners   from 


sticking    up    and    pulling    patches    apart,    as    is 
often  the  case  in  the  usual  splice. 

NORM.  HILL. 
Member  Local  105,  IATSE 
London,  Ont.,  Canada 

An  article  interested  me  very  much  in  regard 
to  film  patching.  You  published  a  picture  of  good 
patches  and  bad  patches,  and  I  agree  with  you 
wholly  on  your  picture  of  bad  patches.  I  have 
found  many  of  these  in  prints  which  I  have  run. 
I  also  agree  with  you  concerning  your  picture  of 
good  patches. 

However,  when  I  was  learning  to  operate,  my 
teacher  taught  me  a  trick  which  improves  the 
sound  track  at  the  splice.  Enclosed  is  a  piece  of 
film  containing  two  kinds  of  splices.  As  you  will 
notice,  the  upper  one  (both  are  made  by  hand 
without   the  aid   of  a  splicer)    is  made  exactly 
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the  same  as  any  film  splice,  the  emulsion  being 
scraped  all  the  way  across.  Should  the  emulsion 
be  scraped  just  a  little  too  far,  a  resulting  plop 
would  be  heard  when  the  splice  passes  the  sound 
gate.  In  the  lower  splice,  you  will  note  that  the 
sound  track  contains  a  diagonal  dark  line,  not 
put  on  with  a  pencil,  but  made  in  the  splice.  In 
this  case  the  emulsion  is  scraped  all  the  way 
across  the  picture  up  to  the  sound  track.  The 
sound  track  is  then  scraped  diagonally  up  from 
left  to  right,  and  the  sound  track  of  the  piece 
to  be  spliced  on  is  scraped  to  correspond,  leaving, 
when  finished,  the  dark  line  you  see  in  the  splice. 


I  have  tried  both  kinds  of  patches,  and  find 
that  the  latter  gives  much  better  results,  besides 
cutting  much  unwanted  noise  from  the  sound.  I 
have  told  several  operators  about  this  patch,  but 
they  claim  "impossible."  They  say  that  by  leaving 
any  emulsion  on  the  sound  track  the  cement  will 
not  stick.  I  have  always  made  my  patches  this 
way,  and  have  never  had  a  patch  pull  loose  on 
me  yet.  I  hope  this  suggestion  may  be  tried  by 
some  of  your  readers. 

GEORGE  B.  LORD. 
244  Main  Street 
Bridgton,  Maine 


FILM  REWINDING 

Films  can  be  damaged  by  unnecessary  uneven 
rewinding.  Many  films  come  to  my  attention  un- 
evenly rewound.  If  the  film  inspector  or  projec- 
tionist takes  his  time  and  rewinds  films  even  and 
smooth,  there  would  be  no  damage  on  films. 
When  a  film  is  rewound  unevenly,  it  will  become 
tight  by  pressure  when  packed  in  the  can,  and 
the  sides  of  the  film  will  tend  to  bend,  sometimes 


by  their  sprocket  holes.  The  film  inspector  or 
projectionist  must  make  a  splice,  thereby  spoiling 
several  good  picture  frames  and  making  the  scene 
uneven. 

HOWARD  SANORIA. 
Kona  Theatre 
Capt.  Cook,  S.  Kona, 
Hawaii,  T.  H. 


CUE  MARKS 

I  have  a  suggestion  and  think  it  worthy  of  the 
projectionist's  time  to  read.  It  is  on  THE  TREAT- 
MENT OF  FILM.  I'm  afraid  there  are  a  lot  of 
projectionists  who  just  don't  care  how  the  film 
looks  after  they  are  through  with  it.  Maybe  if  they 
did,  it  would  make  a  lot  of  operators,  managers 
and  patrons  happier. 

Here  is  what  kills.  You  get  in  a  print,  and  are 
checking  it,  and  at  the  end  of  each  reel  where 
the  Change-over  cues  should  be,  you  find  where 
some  brilliant  operator  has  used  a  punch,  and 
there  are  four  big  holes  in  the  film,  or  some 
deep  scratches  covering  half  the  frame.  There  is 
no  excuse  for  this.  It  ruins  the  show  for  the 
patron.  If  you  splice  out  the  holes,  it  takes 
time,  damages  the  film,  and  in  general  just  isn't 
the  thing  to  do.  Now  if  the  cues  aren't  easy  to 
see,  and  you  think  there  might  be  a  chance  that 
you  would  miss  them,  use  a  little  sharp  instru- 
ment and  make  slight  dots  inside  the  original 
cue,  or  better  still,  slightly  mark  them  with  color 
pencil.  The  next  man  may  not  need  them,  and 
can  erase  them. 

Another  thing,  there  are  plenty  of  prints  ruined 
just  because  there  are  men  that  are  too  lazy  to 
clean  the  fire  pads  and  rollers.  If  you  only  do 
it  every  two  weeks,  it  will  help  a  lot.  It  only  takes 
a  little  time,  and  the  returns  are  terrific.  Remem- 
ber there  are  lots  of  theatres  that  will  use  the 
same  print  that  you  are  showing,  and  they  like 
to  give   their   patrons   a  good   show,   too. 


ROBERT  M.  SMITH. 


Atlanta,  Georgia. 


I  wish  to  offer  a  suggestion  in  regard  to  mark- 
ing over  films  which  has  proven  O.K.  here  over 
a  period  of  years.  At  least,  we  usually  find  two 
or  more  reels  in  a  show  that  aren't  marked  plain 
or  else  the  marks  have  been  taken  out  by  some 
previous  cutting,  and  so  I  have  to  put  in  my  own 
marks.  I  do  this  with  a  china  marking  pencil 
which  comes  in  either  red  or  black  and  costs  15 
cents,  and  which  can  be  wiped  off  with  no  trouble 
at  all.  It  will  mark  a  thousand  reels  or  more. 

Suggestion  2.  To  clean  dirt  from  the  rollers 
at  the  top  and  bottom  of  the  heads,  I  have  a 
piece  of  film  about  one  and  one-half  feet  long 
with  a  dozen  patches   in   it,  which   I  put  down 
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through  the  middle  and  both  sides,  top  and 
bottom.  The  patches  in  the  film  do  the  removing 
of  the  dirt.  Hope  this  does  some  one  some  good. 

RAY  KNIGHT. 
State  Theatre 
Bridgton,  Maine 

Why  not  promote  a  campaign  to  equip  every 
booth  with  a  good  splicer  and  a  good  marker, 
such  as  the  Signo  Marker  made  by  Clint  Phare 
Products.  Some  of  the  boys  are  butchering  prints 
that  are  already  properly  cued. 

SIDNEY  R.  PINGER. 
Glen  Theatre 
Kansas  City,  Missouri 

THE  SOUND  TRACK,  in  the  interest  of  pre- 
senting prints  and  aiding  projectionists,  is  also 
glad  to  recommend  the  purchase  and  the  use 
of  a  Signo  Marker,  uhich  your  supply  dealer 
sells  for  around  $3.50. 


We  are  publishing  pictures  of  the  Signo 
Marker  and  its  scriber.  as  aell  as  of  film  which 
has  been  cued  with  this  device.  Most  projection- 
ists will  agree  that  the  cue  marks  are  a  decided  im- 
provement over  the  many  others  one  often  sees. 

The  Signo  Marker  consists  of  a  cast  aluminum 
template  and  a  hardened  steel  scriber.  The  tem- 
plate may  be  held  in  the  hand  or  screwed  to 
the  re- wind  table. 


The  standard  position  to  make  change  over 
marks  on  film  is  twelve  feet  from  the  end  for 
the  motor  start  and  one  foot  from  the  end  for  the 
changeover. 

With  the  proper  frame  line  even  with  the  left 
hand  edge  of  the  Marker,  drop  the  nearest 
sprocket  hole  over  the  steady  pin. 
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Press  down  on  the  film  so  it  will  not  move. 
Insert  the  scriber  into  the  first  hole.  Press  and 
turn  the  knurled  knob  one  or  two  revolutions 
clock-wise.  Repeat  this  procedure  for  the  next 
three  holes.  The  result  will  be  four  perfect 
circles  of  standard  dot  size  in  standard  dot  posi- 
tion. The  center  or  fifth  hole  is  merely  a  place 
to  keep  the  scriber  when  not  in  use. 


FILM  CANS 

Here  is  a  little  time  saver  you  may  wish  to 
pass  along  to  the  boys.  When  you  get  one  of 
those  old  I.C.C.  cans  that  doesn't  close  right 
and  you  start  to  bang  it  with  a  hammer  and 
stand  on  it,  etc.,  try  this:  Take  the  film  out  of 
the  can  and  put  it  on  the  cover  of  the  can.  Then 
pull  the  bottom  of  the  can  over  the  film  the  same 
as  you  would  the  cover.  The  results  are  surpris- 
ing. The  can  closes  as  easily  as  a  new  one.  Hope 
this  helps  someone  who  formerly  cussed  old  cans. 

LAWRENCE  SCHEUERER. 
7837  85th  Street 
Glendale  27,  New  York 
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The  Suprex  Arc 

Importance  of  the  Arc  Lamp  in  Projection 


By  C.  S.  ASHCRAFT 


The  best  of  the  many  thousands  of  top- 
flight projectionists  of  the  country  cannot 
achieve  the  acme  of  top-notch  projection 
except  with  the  right  combination  of  qual- 
ity projection  room  equipment — screen, 
lenses,  projector,  sound  system,  rectifier  or 
generator,  and  last  but  not  least,  the  pro- 
jection arc  lamp.  The  arc  lamp,  being  the 
one  really  satisfactory  light  source  for  3  5 
mm.  motion  picture  projection,  therefore 
merits  careful  study  by  both  the  theatre 
owners  who  buy  them  and  the  projection- 
ists who  operate  them. 

A  thorough  explanation  of  all  makes  and 
types  of  arc  lamps  would  take  up  fifty  or 
more  pages  of  closely  printed  matter,  so  I 
will  not  in  the  space  allotted  to  me  attempt 
to  cover  more  than  one  type  of  lamp — the 
Simplified  High  Intensity  Arc  Lamp,  all 
makes  of  which  have  become  generally 
known  by  C.  S.  Ashcraft  Manufacturing 
Co.'s  trade  name  of  "Suprex"  lamps. 

First  let  me  digress  to  list  the  various 
types  of  arc  lamp  that  are  in  use  in  the 
theatres  of  the  country  so  that  the  reader 
may  determine  just  where  the  Simplified 
High  Intensity  Arc  Lamp  fits  in  the  entire 
arc  lamp  line-up.  There  are  five  types  in 
use  today: — 

1.  The  straight  high  intensity 

2.  The  simplified  high  intensity 


3.  The  Cyclex 

4.  The  "one  kilowatt"  high  intensity 

5.  The  low  intensity 

With  the  exception  of  the  low  intensity 
type,  all  of  these  types  are  modern,  and 
each  is  suitable  for  the  particular  purpose 
for  which  it  is  intended. 

Suprex,  or  Simplified  High  Intensity, 
Projection  lamps  have,  within  the  past  few 
years,  become  the  standard  means  of  motion 
picture  projection  in  the  great  majority  of 
large  and  medium  sized  theatres  through- 
out the  world.  Their  low  cost  of  operation 
and  dependability  has  caused  them  to  be- 
come the  ideal  light  source  where  economi- 
cal, brilliant  projection  is  required. 

Maximum  Light  at  Minimum  Cost 

Perhaps  the  most  important  factor  in 
obtaining  maximum  light  lies  in  the  reflec- 
tor employed  by  the  manufacturer.  The 
reflector  must  be  designed  to  collect  all  of 
the  light  produced  by  the  arc  and  concen- 
trate it  upon  a  very  small  spot  (about  1%" 
in  diameter)  at  the  aperture  plate  without 
spherical  or  chromatic  aberration.  If  the 
reflector  is  of  proper  design,  the  aperture 
spot  will  be  neither  too  small,  which  causes 
screen  discoloration,  nor  too  large,  in 
which  case  there  will  be  a  distinct  loss  of 
light,  but  should  produce  a  spot  which  is 
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exactly    correct    to   project   a    brilliant    and 
clear  picture  upon  the  screen. 

The  reflector,  however,  has  no  part  in 
maintaining  a  constant  and  uniform  quan- 
tity of  light  on  the  screen.  It  is  essential 
that    the    driving    motor    of    the    lamp    be 


of  time  will  cause  no  wear  on  the  com- 
ponent parts  or  burning  out  of  parts  due  to 
heat. 

Lamp  Specifications 

The  lamphouse  itself  should  be  large  and 


The  Suprex  arc  lamp,  with  reflector  in  position. 


designed  to  feed  the  carbons  at  a  pre- 
determined rate  which  will  always  cause 
a  uniform  current  to  flow  through  the  arc. 
Any  motor  will'  not  do.  It  must  be  par- 
ticularly designed  to  perform  its  very  im- 
portant function  fourteen  hours  a  day,  if 
necessary. 

Long  life,  which  means  minimum  ex- 
pense, is  assured  if  the  general  design, 
gearing,  carbon  carriage  drive,  carbon  hold- 
ers and  mirror  protecting  device  are  such 
that  continuous  operation  over  long  periods 


well  constructed  to  provide  the  large  in- 
terior needed  to  facilitate  ventilation,  to 
prevent  overheating  of  the  various  parts 
and  to  keep  the  exterior  cool.  The  lamp- 
house  doors  should  be  large,  and  when 
raised,  expose  the  entire  interior  to  the 
projectionist,  making  the  cleaning  and  care 
of  the  lamp  an  easy  task. 

The  reflector  should  be  correctly  and 
carefully  designed  to  collect  the  maximum 
of  light  and  project  it  upon  the  aperture 
with  a  minimum  of  loss.    The  magniflca- 
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tion  of  the  reflector  should  give  both  the 
correct  aperture  spot  as  well  as  one  of  great 
intensity.  Due  to  the  size  of  the  spot, 
there  should  be  no  tendency  for  the  pro- 
jected light  to  have  discolored  sides  or 
corners,  the  field  being  extremely  flat  under 


should  be  so  positive  as  to  eliminate  any 
tendency  of  copper  drippings  collecting  on 
the  insulation  and  thus  "shorting"  it  out. 
The  guide  should  also  be  made  of  heat 
resisting  metal  and  be  non-magnetic  in 
order  that  the  arc  will  be  unaffected  by  any 


The    Suprex  arc  lamp,  with  reflector  moved  back. 


all  operating  conditions.  The  reflector 
should  be  placed  a  sufficient  distance  from 
the  arc  so  as  to  minimize  pitting,  and  to 
eliminate  breakage  from  contact  with  the 
arc  flame. 

The  positive  carbon  should  be  supported 
near  its  arcing  end  in  a  guide  which  is 
intended  to  hold  the  crater  in  the  exact 
optical  center  of  the  reflector.    The  guide 


magnetic  influence  caused  by  the  passage  of 
current  through  the  carbon.  The  negative 
carbon  must  also  be  guided  at  its  tip  so  as 
to  be  always  directed  in  alignment  with  the 
positive  carbon.  This  guide  should  be  fixed 
in  relation  to  the  negative  carriage,  but  the 
negative  carriage  should  be  so  arranged  as 
to  be  movable  together  with  the  guide  ver- 
tically or  laterally. 
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It  is  essential  that  convenient  means  be 
provided  for  moving  the  negative  assembly 
in  a  parallel  motion  vertically  and  laterally 
relative  to  the  positive  carbon.  Controls  for 
this  purpose  are  best  located  external  to  the 
lamphouse  and  convenient  for  the  projec- 
tionist. In  this  manner  only  is  it  possible 
to  maintain  a  perfect  crater  at  all  times. 

Every  lamp  must  have  a  shunt  connected 
magnet  coil.  The  purpose  of  this  coil  is  two- 
fold. It  prevents  the  flame  emitted  by  the 
negative  carbon  from  spreading  excessively 
over  the  outer  edge  of  the  positive  crater, 
also  to  the  rear  of  the  crater  face;  in  other 
words,  it  localizes  the  negative  flame  to 
the  crater  face.  The  second  function  is  to 
bend  the  tail  flame  away  from  the  mirror 
in  order  to  eliminate  undue  heating  of  the 
mirror  surface  and  smoke  deposit. 

An  inherent  characteristic  of  the  Suprex 
Arc  is  the  emission  of  flame  and  smoke 
upon  striking  the  arc.  There  is  also  a 
tendency  of  liquid  carbide,  under  certain 
conditions  of  operation,  to  be  projected 
toward  the  mirror.  In  order  fully  to  pro- 
tect the  reflector  from  these  damaging  agen- 
cies, a  shield  should  be  provided  to  fold 
around  the  arc  when  it  is  established,  to 
preclude  the  possibility  of  damage  to  the 
reflector.  When  not  in  use,  the  shield 
should  swing  away  out  of  the  light  beam. 
I  do  not  recommend  the  use  of  glass  shields 
over  the  mirror  surface,  as  full  protection 
of  the  mirror  surface  will  have  been  pro- 
vided by  the  dowser  above  recommended. 
The  use  of  such  shields  may  cause  a  light 
loss  and  light  discoloration. 

Carbon  Holders  For  All  Trims 

It  is  impossible  to  anticipate  the  size  of 
carbons  most  suitable  in  various  theatres,  as 
conditions  of  screen  size,  screen  material 
and  condition,  and  length  of  throw  vary  to 
a  great  extent.  For  this  reason,  the  lamp 
must  be  designed  with  carbon  holders 
which  accommodate  all  sizes  of  carbons  in 
the  respective  holders  from  6  mm  to  10mm, 
in  the  positive  carbon  holder,  and  5  mm  to 
9mm  in  the  negative,  without  the  neces- 
sity of   a    change  of  parts  for   any  of    the 


various  sizes.  This  is  a  very  important 
feature,  as  it  may  be  found  necessary  or 
advisable  under  certain  conditions  to  make 
a  change  of  carbon  size,  and  the  purchase 
of  special  carbon  holders  would  prove  ex- 
pensive and  their  installation  inconvenient. 
Rapidity  and  ease  of  trimming  is  of  great 
importance  in  the  selection  of  a  projection 
arc.  There  are  times  when  the  smooth  pres- 
entation of  the  picture  is  jeopardized  by 
the  fact  that  the  projectionist  has  unavoid- 
ably misjudged  the  amount  of  carbon  to 
be  used  during  the  reel.  A  lamp  in  which 
this  point  has  been  overlooked  may  be  the 
cause  of  a  serious  and  long  show  interrup- 
tion. 

Relative  Distances 

The  various  lamp  manufacturers  provide 
diagrams  which  show  the  proper  position  of 
lamphouse  to  projector  base.  Usually  all 
dimensions  are  marked  from  the  unsilvered, 
or  surface  of  the  reflector  nearest  the  arc. 
The  distance  from  this  surface  to  the  aper- 
ture, which  will  also  be  the  distance  to  the 
film,  is  3  3|/2  inches,  in  case  of  the  Ash- 
craft  Suprex  Type  D.  This  distance  will 
place  the  edge  of  the  light  opening  in  the 
front  of  the  lamphouse  6%  inches  from  the 
film.  Other  makes  of  lamps  have  different 
dimensions.  If  incorrect  relation  is  estab- 
lished, the  projected  light  will  be  poor  and 
of  a  distinctly  bluish  cast.  When  projectors 
with  rear  shutters  are  used,  the  shutter  shaft 
should  not  be  allowed  to  strike  against  the 
lamphouse. 

The  distance  of  the  front,  or  unsilvered, 
surface  of  the  reflector  to  the  edge  of  the 
crater  in  the  positive  carbon  in  all  makes  of 
simplified  high  intensity  lamps  is  approxi- 
mately five  inches.  This  distance,  in  some 
cases,  may  vary  slightly  due  to  variation  in 
reflectors,  but  for  the  purpose  of  prelim- 
inary alignment  of  the  lamp,  this  distance 
may  be  taken  to  be  correct. 

Carbon  Holder  Adjustments 

It  is  not  necessary  to  clamp  the  carbon 
excessively  nor  to  such  a  degree  that  there  is 
danger  of  crushing  it.  A  moderate  pressure 
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is  sufficient.  The  forward  end  of  the  carbon 
should  bear  in  the  bottom  of  the  guide 
groove.  The  positive  carbon  should  not  be 
too  tight  laterally  in  the  guide  groove,  as 
there  is  a  tendency  of  the  carbon  to  swell 
when  the  arc  is  operating  and  binding  of 
the  carbon  in  the  groove  is  apt  to  cause  im- 
proper feeding. 


where  the  positive  crater  is  burned  straight 
and  at  right  angles  to  the  axis  of  the  posi- 
tive carbon. 

Always  move  the  negative  carbon  into 
contact  with  the  positive  when  striking  the 
arc.  This  will  always  leave  the  crater  of  the 
positive  carbon  in  its  proper  position  rela- 
tive to  the  reflector. 


Rear  view  of  the  Suprex  arc  lamp. 


The  tip  of  the  negative  carbon  should 
always  center  with  the  positive  crater  lat- 
erally. Vertically,  the  tip  of  the  negative 
is  usually  positioned  below  the  center  of 
the  positive.  The  distance  below  the  center 
varies  with  the  current  used.  An  increase 
in  current  necessitates  the  lowering  of  the 
negative  tip.     The  correct  position  will  be 


Selection  of  Proper  Combinations 


Cur 

rent 

Neg. 

Pos. 

30-40 

Amperes 

5  mm 

6  mm 

40-45 

Amperes 

5  mm 

7mm 

45-50 

Amperes 

6  mm 

7mm 

50-55 

Amperes 

6mm 

8  mm 

55-65 

Amperes 

6. 5mm 

8  mm 

65-68 

Amperes 

7mm 

8  mm 
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It  will  be  noted  from  the  above  that  the 
comparative  size  of  the  negative  carbon  has 
been  kept  to  a  minimum.  By  so  doing,  a 
heavy  deposit  of  carbide  upon  the  tip  of  the 
negative  carbon  is  prevented.  At  a  given 
current,  should  the  deposit  be  sufficient  so 


CAR  BIDS 
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as  to  form  a  definite  bead  or  be  in  such 
quantities  as  to  cause  the  arc  to  be  unsteady 
as  shown  in  the  illustration,  it  may  be 
decreased  by  using  the  next  size  smaller 
negative.  The  cause  of  this  carbide  deposit 
is  the  condensation  of  gaseous  carbide, 
which  is  generated  in  the  positive  crater, 
on  the  tip  of  the  comparatively  cool  nega- 
tive carbon.  By  decreasing  the  size  of  the 
negative  carbon,  the  temperature  of  the  tip 
is  increased  to  such  a  point  that  there 
will  be  little  condensation.  The  gaseous 
carbide  will  flow  past  the  tip  without  de- 
positing. 

The  selection  of  the  proper  size  of  the 
positive  carbon,  in  many  instances,  must  be 
left  to  the  discretion  of  the  projectionist. 
For  instance,  at  a  current  of  fifty  amperes 
it  is  possible  to  use  either  the  6  and  7  mm 
combination  or  the  6  and  8  mm.  The  first 
will  provide  more  illumination,  but  the 
burning  rate  of  the  positive  carbon  will  be 
high.     The  latter  combination  will  provide 


good  illumination — not  as  brilliant  as  with 
the  7  mm — but  the  positive  carbon  con- 
sumption will  be  low. 

Excessive  economy,  however,  defeats  the 
purpose  of  the  lamp.  An  excessively  low 
current  on  any  given  carbon  will  result  in 
a  yellow  light  which  will  vary,  not  only  in 
intensity,  but  also  in  color.  A  medium 
must  be  determined  whereby  both  reason- 
able economy  and  excellent  illumination  are 
obtained.  At  no  time  should  a  negative 
carbon  be  used  which  produces  an  excess 
of  carbide  on  its  tip.  Not  only  does  this 
seriously  affect  the  light,  but  it  is  the  cause 
of  all  mirror  pitting.  In  no  case  should  the 
arc  be  established  without  the  inside  dowser 
covering  the  reflector. 

Adjusting  the  Negative  Carbon  Teed 

The  setting  of  the  negative  carbon  adjust- 
ment is  very  important,  and  if  improperly 
done  will  react  on  the  feeding  of  the  posi- 
tive carbon;  that  is,  if  the  negative  feed 
is  set  too  slow,  the  carbon  will  burn  away 
and  the  positive  will  follow,  feeding  ahead 
of  the  line.  Also,  if  the  feed  is  too  fast, 
there  is  a  tendency  for  the  positive  to  burn 
to  the  rear  of  the  indicating  line.  To  a 
certain  extent,  the  regulation  of  the  positive 
carbon  is  controlled  by  the  proper  regula- 
tion of  the  negative  carbon. 

Obtaining  Maximum  Illumination 

After  the  correct  distance  between  the 
reflector  and  the  aperture  has  been  set  and 
the  crater  end  of  the  positive  carbon  set 
at  five  inches  from  the  reflector,  the  arc 
should  be  struck  until  the  carbons  are  in 
contact  and  then  the  carbons  separated  and 
the  spot  centered  upon  the  aperture.  With 
the  rear  shutter  operating,  the  light  should 
be  thrown  upon  the  screen  and  the  field 
cleared.  Referring  to  illustration  shown 
here,  "A"  shows  how  the  arc  should  be  set 
relative  to  the  lines  marked  upon  the  gauge 
cord.  By  moving  both  carbons  simul- 
taneously to  the  position  shown  at  "B,"  the 
light  upon  the  screen  will  turn  blue,  and 
when    in    position    "C,"    the    light    will    be 
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yellow.  At  some  point  between  these  two 
extremes  the  light  will  be  a  brilliant  white. 
The  arc  should  be  set  very  carefully,  and  if 
the  image  does  not  then  coincide  with  the 
lines  upon  the  gauge  cord,  the  screws  of 
the  arc  should  be  loosened  and  the  mirror 
frame  casting  turned  slightly  until  the  im- 


age rests  upon  the  gauge  card  lines.  The  set- 
ting of  the  crater  relative  to  the  reflector  is 
of  utmost  importance,  as  all  future  results 
are  entirely  dependent  upon  this  procedure. 
A  light  which  is  of  too  blue  a  cast  indicates 


too  small  an  aperture  spot  and  should  be 
avoided,  as  with  this  setting  there  is  a 
tendency  to  obtain  discolored  corners  and 
edges.  Too  large  an  aperture  spot  results 
in  a  projected  light  of  a  yellow  color,  which 
is  not  pleasing  and  also  indicates  a  light  of 
low  reflective  value. 


•      •      • 
Arc    control   motor    bearings    should   be 
oiled  once  a  week  with  only  a   few  drops 
of  light  oil,  as  over-oiling  causes  most  fail- 
ures. 


Light  Yrom  Suprex  Carbons 

By  PERCY  W.  DECKER 


It  is  probably  true  that  Suprex  Carbons 
are  more  generally  used  than  any  other  type 
of  carbon.  They  produce  an  intense  bright, 
white  light.  They  are  consistent  in  their 
quality.  Occasionally,  however,  the  equip- 
ment needs  to  be  checked  in  order  to  be 
sure  that  the  best  light  possible  is  being 
projected  on  the  screen.  The  purpose  of 
this  article  is  to  provide  a  systematic  check 
on  the  different  factors  which  go  to  make 
up  good  light. 

Let  us  start  our  check  with  the  reflector 
and  lenses.  The  reflector  should  present  a 
clear  shining,  clean  surface  to  reflect  the 
best  light.     Bon  Ami  and  a  soft  cloth  are 


a  good  combination  for  cleaning  the  re- 
flector. Should  the  reflector  look  cloudy  and 
gray  after  polishing,  it  probably  needs  re- 
silvering.  The  heat  of  the  arc  causes  the 
backing  to  become  loosened.  A  good  job 
of  cleaning  can  be  done  on  the  lenses  with  a 
piece  of  linen  cloth  and  ordinary  rubbing 
alcohol.  The  alcohol  dissolves  any  oil,  and 
the  linen  cloth  leaves  no  lint. 

Next  check  the  alignment  of  the  carbons 
with  respect  to  the  aperture.  They  should 
line  up  with  the  center  of  the  aperture. 
This  can  be  done  with  a  straight  metal  rod 
of  the  same  diameter  as  the  positive  carbon 
and  long  enough  to  extend  from  the  posi- 
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tive  carbon  guide  to  the  aperture.  On  some 
lamps  it  is  possible  to  sight  along  the  car- 
bons from  the  rear  of  the  lamp  house.  If 
you  have  such  a  lamp,  you  can  easily  check 
the  alignment  of  the  carbons  with  respect 
to  each  other.  On  the  vertical  plane  the 
carbons  should  line  up  exactly.  On  the  hor- 
izontal plane,  the  negative  carbon  should 
be  enough  below  the  center  so  that  the 
crater  of  the  positive  carbon  burns  vertical 
at  the  edge.  The  reason  for  having  a  verti- 
cal crater  is  the  fact  that  more  light  can 
be  reflected  than  when  the  crater  burns  at 
an  angle. 

Now  strike  the  arc  and  check  the  amount 
of  voltage  and  current  you  use.  All  Suprex 
Carbons  are  marked  with  the  maximum 
amperage  which  should  be  used.  If  you  are 
drawing  a  higher  amperage  than  is  recom- 
mended, you  are  not  getting  the  maximum 
use  from  the  carbons.  You  will  find  that 
you  burn  more  positive  carbons  than  nega- 
tive— that  is,  the  ratio  of  positive  carbon 
consumed  to  negative  consumed  is  higher 
with  the  excessive  current.  The  lowering 
of  the  current  may  be  done  by  adjusting 
the  ballast  resistance  if  you  have  one,  or  by 
adjusting  the  voltage  on  the  rectifier. 

Checking  With  Light 

Start  the  projector,  without  film,  and 
project  the  light  on  the  screen.  Adjust  the 
mirror  until  you  have  the  brightest  light 
in  the  center  of  the  screen. 

The  color  of  the  light  is  determined  or 
affected  by  the  distance  of  the  reflector 
from  the  positive  carbon  crater.  On  lamps 
with  an  adjustable  feed  indicator,  adjust 
the  carbons  by  hand  until  you  have  the  best 
colored  light  and  then  move  the  indicator 
cord  to  that  position.  Those  lamps  with  the 
fixed  indicator  cord  usually  have  adjust- 
ment with  which  th:  distance  between  the 
reflector  and  the  positive  carbon  crater  may 
either  be  shortened  or  lengthened.  A  yel- 
low light  shows  that  the  distance  is  too 
short.  A  faint  bluish  light  indicates  that 
the  distance  is  too  long.  For  best  light,  a 
pure  white  is  to  be  preferred.  However,  if 


there  is  just  a  trace  of  yellow,  you  will 
find  when  film  is  used  this  yellow  is  ac- 
centuated, so  it  is  better  to  have  a  trace  of 
blue  rather  than  yellow. 

After  the  color  check,  note  the  density 
of  light  on  the  screen.  It  should  be  of  the 
same  density  over  the  entire  surface.  If 
there  is  a  difference  either  at  the  center 
or  the  corners,  it  shows  that  the  light  is 
not  focused  at  the  aperture.  To  focus  the 
light  at  the  aperture,  move  the  whole  lamp 
backward  or  forward  as  the  case  indicates 
until  you  notice  an  even  density  of  light 
at  all  points. 

Compare  Both  Machines 

This  completes  the  check.  Follow  the 
same  procedure  on  the  other  machine  and 
then  compare  the  two.  This  may  be  done 
by  running  both  machines  and  using  the 
changeover,  or  it  may  be  done  by  raising 
both  shutters  and  inserting  a  broken  hack- 
saw blade  at  both  apertures.  The  blade  on 
one  machine  cuts  off  the  upper  portion  of 
light  while  the  lower  portion  is  cut  off 
on  the  other  machine. 

While  comparing  the  light,  check  the 
positioning  of  each  projector.  Watch  the 
lower  edge  of  the  screen  to  see  whether 
the  edge  jumps  up  or  down.  If  it  does 
move,  it  shows  that  one  machine  needs 
tilting  up  or  down.  Also  check  for  side 
jump,  moving  one  or  the  other  until  this 
disappears. 

Another  factor  which  affects  the  light 
is  the  clamping  of  Suprex  Carbons.  These 
carbons  are  brittle  and  clamping  them  too 
tight  causes  minute  fractures  which  cannot 
be  seen  or  felt  because  of  the  copper  cover- 
ing. These  fractures  present  a  greater  re- 
sistance to  the  current,  with  a  consequent 
rise  in  current  and  the  light  becomes  a 
blue  shade. 

The  lamphouse  exhaust  draft  should  be 
so  regulated  that  the  tail  flame  of  the  arc 
does  not  whip  around,  for  this  will  show 
up  on  the  screen  in  a  flickering  light. 
Enough  draft  should  be  had  that  the  tail 
will  move  sluggishly  only. 
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The  purpose  of  this  article  is  to  pro- 
vide a  semi-technical  explanation  of  the 
Cyclex  method  of  light  projection  for  mo- 
tion pictures.  The  method  of  Cyclex  pro- 
jection consists  of  several  separate  and 
distinct   developments,   closely  interrelated 


and  coordinated  in  such  manner  that  the 
result  provides  theatres  of  small  and  me- 
dium size  with  a  power  and  light  source 
which  produces  a  brilliant,  white  and  uni- 
form light  at  a  minimum  of  operating  ex- 
pense.   Heretofore    the    great    majority    of 


The  Cyclex  lamphouse,  operating  side. 
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Interior  of  the  Cyclex  lamphouse,  showing  burner  mechanism 


these  theatres  have  necessarily  had  to  rely 
upon  the  old  intensity  type  of  projection 
lamp,  the  light  from  which  is  yellow  and 
low  in  value.  Between  the  low  intensity 
lamp  and  the  type  which  would  provide 
good  screen  illumination,  according  to  mod- 
ern standards,  there  is  a  wide  difference 
in  first  and  subsequent  operating  cost,  so 
that  the  use  of  the  Suprex  type  of  lamp  has 
been  confined  to  the  comparatively  large 
theatre. 

Cyclex  is  intended  for  those  theatres 
which  find  low  intensity  totally  inadequate, 
and  Suprex  unnecessary  and  the  cost  pro- 
hibitive. In  other  words,  Cyclex  provides 
the  medium  and  small  theatre  with  the 
same  quality  and  quantity  of  light  as  has 
heretofore  been  enjoyed  only  by  the  larger 
theatres. 


Outstanding  Developments 

Among  the  outstanding  developments  of 
Cyclex  are: 

1.  CYCLE-HARMONIC   LIGHT  PRO- 
JECTION 

A  method  of  producing  a  light  source 
for  motion  picture  projection,  employ- 
ing alternating  current  and  producing 
screen  results  heretofore  obtainable  only 
with  direct  current.  Cyclex  light  is 
white,  uniform  and  flawless. 

2.  CYCLEX  POWER  UNIT 

which  produces  a  current  of  properly 
coordinated  frequency  for  use  in  the 
Cyclex  arc.  The  driving  motor  of  this 
unit  is  less  than  one-sixth  the  size  of 
those  ordinarily  used  on  motor  gen- 
erators   for    low    intensity    projection. 
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By  a  distinctly  new  method  of  current 
conversion  it  is  possible  to  operate  both 
arcs  simultaneously  from  the  Cyclex 
power  unit  without  a  change  in  screen 
illumination  when  the  second  arc  is  es- 
tablished, as  is  characteristic  of  many 
motor  generators. 


INCORRECT 


INSUFFICIENT  CURRENT. 


INCORRECT 


EXCESSIVE  CURRENT. 


^S 


CORRECT  CURRENT    52T064AMPS. 

Proper  arc  gap   for  best  results 

3.    THE  CYCLEX  ARC 

which  is  quite  different  from  all  other 
arcs  previously  used  for  motion  picture 
projection.  The  arc  voltage  is  much 
lower  than  that  ordinarily  used,  which 
fact  results  in  an  arc  using  less  than 
one-half  the  power  ordinarily  con- 
sumed for  much  inferior  projection. 
The  low  arc  voltage  results  in  an  ex- 
tremely low  carbon  consumption,  but 
with  an  accompanying  increase  in  light 
output. 

Principles  of  Operation 

The  Cyclex  arc  operates  at  a  normal 
power  consumption  of  approximately  1300 
watts.  While  the  power  range  is  com- 
paratively wide,  excellent  results  will  be 
obtained  with  this  power  input.     The  arc 


operates  at  an  abnormally  low  voltage  and 
comparative  short  arc  gap,  the  latter  being 
between  5/32"  and  3/1 6",  as  shown  in  the 
illustration. 

It  has  been  found  that  by  highly  com- 
pressing the  luminescent  gas  into  such  a 
short  arc  gap  the  intrinsic  brilliancy  of 
the  arc  is  materially  increased.  In  previous 
forms  of  the  alternating  current  arc  (using 
ordinary  frequencies),  the  points  of  high- 
est luminosity  which  were  closely  adjacent 
to  the  ends  of  the  electrodes  were  not  used 
to  the  best  advantage.  The  presence  of 
these  points  of  high  illuminosity  was  well 
known,  but  the  fact  that  they  were  widely 
separated  precluded  the  possibility  of  utiliz- 
ing them  to  produce  the  greatest  avail- 
able light.  By  compressing  these  flames 
into  a  gap  of  approximately  three-six- 
teenths of  an  inch,  a  dense  flattened  ball 
of  flame  is  created  having  an  exceptionally 
high  intrinsic  brilliancy.  The  Cyclex  re- 
flector is  focused  upon  the  densest  portion 
of  this  compressed  ball,  resulting  in  an 
extremely  high  screen  brilliancy  for  the 
power  employed.  Whereas  the  previous 
alternating  current  arcs  have  produced  a 
light  of  bluish  color,  the  Cyclex  light  em- 
bodies a  full  and  well  balanced  spectrum 
in  the  range  of  5700  kelvin,  balancing  all 


The  Cyclex  power  unit 
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colors   into  an   ideal   light   source   for   both 
black   and    white   and    technicolor   film. 

In  addition  to  the  screen  reduction  in 
power  consumption,  the  fact  that  is  most 
outstanding  is  that  the  Cyclex  arc  normally 
consumes  each  carbon  at  the  rate  of  from 
three  to  four  inches  per  hour,  which  is 
less  than  one-half  that  of  the  ordinary 
direct  current  arc  utilizing  impregnated 
core  carbons.  Unlike  Suprcx  or  high  in- 
tensity, the  rate  of  carbon  consumption  is 
only    in    direct    proportion    to    the    power 


previous  methods  of  power  conversion  or- 
dinarily used  for  motion  picture  projection 
and  to  develop  and  design  an  entirely  new 
power  unit,  different  both  mechanically 
and  electrically  in  principle  and  construc- 
tion from  anything  used  before. 

While  the  most  simple  and  inexpensive 
method  of  supplying  alternating  current 
to  an  arc  is  by  means  of  an  ordinary  static 
transformer,  operated  on  currents  of  com- 
mercial frequencies,  unfortunately  there  is 
no    commercial    frequency    which    coordi- 


General   wiring  diagram 


used,  there  being  no  point  where  the  car- 
bon consumption  increases  rapidly  with  a 
small  increase  in  arc  current.  The  above 
conditions  result  in  an  arc  which  is  far 
more  efficient  and  economical  than  any 
arc  used  heretofore  for  the  projection  of 
motion  pictures. 

Co-ordinated  Frequency  Current 

In  order  to  produce  the  proper  current 
for  the  operation  of  the  Cyclex  arc  in  the 
most  practical  manner  and  with  the  mini- 
mum of  complication  and  resultant  cost  to 
the  theatre,  it   was  necessary  to  discard   all 


nates  the  frequency  of  the  arm  light  pulsa- 
tions with  the  shutter  rotation  and  fre- 
quency. For  producing  a  current  of  a  fre- 
quency suitable  for  the  projection  of  mo- 
tion pictures  it  was  necessary  to  develop  a 
converter  which  was  simple  and  efficient. 
This  is  accomplished  by  employing  a 
rotary  transformer  driven  by  a  compara- 
tively small  motor.  Where  operation  of  this 
rotary  transformer  or  frequency  converter 
polyphase  current  is  essential,  either  two 
or  three  phase  power  may  be  used  for 
operation  of  the  unit,  but  in  all  cases  the 
output  of  the  unit  is  3  phase  96  cycle 
current. 
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In  order  to  utilize  the  3  phase  96  cycle 
current  to  the  best  advantage  in  supplying 
power  for  two  arcs  singly  or  simulta- 
neously, an  ingenious  system  of  inter- 
connected transformers  is  used  whereby 
three  phase  current  is  introduced  into  the 


are  equipped  with  taps  on  both  primary 
and  secondary  windings  which  allow  for  a 
comparatively  wide  range  of  currents  for 
use  in  the  arc. 

The   frequency   converters   are   made   in 
various    voltages,    such    as    220,    380,    440, 
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Complete  Cyclex  wiring  diagram 


transformers,  but  emerges  as  two  phase. 
Thus  one  phase  may  be  used  in  each  of 
the  projection  arcs.  So  efficient  and  well 
balanced  is  the  power  supply  that  the  light- 
ing of  the  second  arc  has  no  visible  effect 
upon  the  light  being  projected  by  the 
first.  The  general  wiring  diagram  shows 
the  general  arrangements  of  the  units. 

Components  of   Unit 

The  static  transformers  which  receive 
the  three  phase  current  from  the  power 
unit  and  change  it   to  two  phase  current 


5  5  0,  etc.,  and  for  operation  on  commer- 
cial frequencies  of  2  5,  5  0  and  60  cycles. 
The  photographs  illustrate  the  appearance 
of  the  power  unit  proper.  The  lower  sec- 
tion of  the  power  unit  contains  the  rotary 
transformer,  an  internal  view  of  which  is 
also  shown.  The  unit  is  driven  by  a  small 
motor  mounted  so  as  to  form  a  compact 
unit  with  the  lower  section. 

Power  transmission  is  by  a  heavy  Vee 
belt  and  adjustable  pulleys,  so  that  exact 
synchronization  with  the  projector  mech- 
anism may  be  obtained.  This  latter  is  not 
essential,  as  a   variation  from  synchronism 
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within  .1  range  of  approximately  ten  per- 
cent does  not  visibly  affect  the  results. 
From  the  rotating  secondary  of  the  con- 
verter the  arc  current  is  transmitted 
through  collector  rings  and  brushes  and 
wired  to  the  control  units,  where  it  is 
transformed  to  the  proper  voltage  for  direct 
use  in  the  arc. 


mm 


Control  unit  with  case  removed 


dependable  means  of  current  conversion  for 
motion  picture  projection. 


Cyclex   control   unit 


Drafts  through  the  lamp  house  may  be 
strong  enough  to  interfere  seriously  with 
stable  operation  of  the  arc.  The  installa- 
tion of  a  damper  in  the  lamp  house  stack 
may  correct  this  condition. 


The  converter  is  constructed  of  only 
such  units  as  will  have  very  long  life. 
There  are  no  commutators  to  wear,  and 
the  load  on  the  bearings  is  so  slight  that 
possibility  of  a  mechanical  difficulty  from 
this  cause  is  negligible.  Beyond  a  predeter- 
mined maximum  output  the  current  de- 
creases through  reactance  in  the  control 
units,  which  prevents  possible  overloads  on 
either  the  control  units  or  power  unit. 

The  Cyclex  system  of  motion  picture 
projection  has  proven  itself  through  a 
number  of  years  to  be  the  most  efficient  and 


Arc  exhaust  dampers  and  ducts  from  the 
lamphouses  should  be  cleaned  thoroughly 
of  carbon  ash  and  dust  at  least  every  three 
months.  Failure  to  attend  to  this  task  may 
cause  improper  burning  of  carbons  and 
pitted  mirrors. 

•      •      • 

The  light  that  strikes  a  pitted  spot  on  the 
surface  of  an  arc  lamp  reflector  is  diffused 
and  largely  wasted.  A  badly  pitted  reflector 
means  a  poorly  lighted  screen — and  fewer 
patrons.  A  new  pair  of  reflectors  are  not 
nearly  as  costly  as  one  might  expect.  Better 
check  vours  today. 
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75/115   H/gh  Intensity  deflector -Type 


The  advent  of  the  Drive-In  theatre,  with 
its  tremendous  40  to  6  5  foot  picture 
widths,  and  viewing  distances  running  as 
great  as  800  feet,  has  created  a  demand  for 
high  intensity  arc  lamps  that  will  give 
greater  light  output  and  better  light  dis- 
tribution than  heretofore  available  high 
intensity  lamps. 

While  reflector- type  arc  lamps  operating 
in  the  65-70  ampere  range  and  condenser- 
type  lamps  operating  in  the  140-180 
ampere  range  have  given  reasonably  ade- 
quate screen  results  in  Drive-In  theatres 
with  picture  widths  up  to  40  feet  and 
viewing  distances  up  to  5  00  feet,  they 
simply  do  not  have  the  high  light  output 
to  permit  the  patron  to  see  a  bright  picture, 
particularly  from  viewing  distances  of  5  00 
or  more  feet. 

Motiograph  is  now  offering  new  reflec- 
tor-type high  intensity  arc  lamps  operating 
in  the  75/115  ampere  range.  Field  tests 
indicate  that  these  lamps  give  more  light 
when  operating  at  8  5  amperes  than  con- 
denser-type high  intensity  arc  lamps  operat- 
ing at  more  than  twice  this  amperage.  All 
other  reflector-type  arc  lamps  operate  at  a 
maximum  of  70  amperes,  so  that  the  light 
offered  by  these  lamps  exceeds  the  light 
from  other  reflector-type  arc  lamps. 

The  reason  that  these  lamps  give  more 
light  is  because  of  the  employment  of  a 
rotating  positive  carbon  which  permits 
their  operation  at  75  to  115  amperes. 
Without  a  rotating  positive  carbon,  even 
burning  of  the  carbons  and  a  proper 
crater  form  cannot  be  maintained. 


The  secret  of  the  greater  light  output 
delivered  by  these  lamps  lies  in  the  precise 
positioning  of  the  carbons  with  respect  to 
each  other.  The  method  of  positioning 
employed  permits  the  gases  to  be  held  back 
within  the  crater,  where  they  become  su- 
per-heated to  extreme  brilliancy.  The 
ability  of  the  large  16  inch  mirror 
(largest  employed  in  a  reflector-type  lamp) 
to  collect  maximum  light  also  contributes 
to  the  greater  light  output.  The  device  to 
maintain  accurate  focusing  serves  to  pro- 
duce maximum  screen  brilliance  at  all 
times. 

Problems  of  Heat 

High  intensity  condenser-type  lamps 
burning  larger  carbons  at  higher  amperages 
are  capable  of  producing  more  light  at  the 
arc.  Because  of  the  acknowledged  deficien- 
cies of  the  condenser  system  in  comparison 
to  the  reflector-system  for  collecting  and 
focusing  light  on  the  picture  aperture, 
such  lamps  cannot  produce  equal  screen 
brilliancy,  even  though  larger  carbons  and 
more  current  are  employed. 

It  is  to  be  noted  that  some  manufac- 
turers recommend  the  use  of  a  glass  filter 
between  the  arc  lamp  and  projector  to  re- 
duce the  quantity  of  heat  energy  reaching 
the  aperture.  This  is  very  desirable,  as  it 
prevents  the  film  from  reaching  tempera- 
tures which  cause  buckling  and  consequent- 
ly "in  and  out  of  focus"  conditions.  Un- 
fortunately, all  filters  of  this  type  reduce 
the  visible  light  as  well  as  the  invisible 
heat  energy.      Consequently,   even    though 
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The   Motiograph-Hall   75/115   High   Intensity   Arc   Lamp,   with   the   Motiograph 
"AA"   Projector   and   the   Motiograph-Mirrophonic   Sound   Reproducer 
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the  source  produces  a  large  amount  of 
light,  the  useful  visible  portion  of  it  reach- 
ing the  screen  may  be  very  little  more  than 
that  which  can  be  obtained  from  a  lesser 
light  source. 

Due  to  the  extremely  high  intrinsic  bril- 
liancy of  the  arc  in  the  Motiograph  lamp, 
the  total  light  output  contains  a  much 
larger  percentage  of  visible  light.  It  is 
thus  unnecessary  to  use  a  filter. 

The  Motiograph  lamps  operating  at  8  5 
amperes  have  been  installed  with  three  dif- 
ferent makes  of  projector  mechanisms,  and 
while  some  run  cooler  than  others,  in  no 
case  has  there  been  any  operational  diffi- 
culty nor  any  report  of  film  damage.  It  is, 
however,  recommended  that  external  blow- 
ers be  used  with  the  lamps  to  further  re- 
duce any  possibility  of  film  damage  arising 
from  heat. 

The  new  lamps  have  been  designed  by 
Theodore  O.  Hall,  whose  lifetime  of  ex- 
perience as  a  designer  of  high  intensity  arc 
lamps  insures  excellent  screen  results. 

Improved  Screen  Brilliancy 

Tests  have  indicated  that  these  lamps 
produce  19,000  lumens  of  light  operating 
at  8  5  amperes.  This  compares  to  15,000 
lumens  offered  by  some  high  intensity  arc 
lamps  operating  at  70  amperes.  The  lamp 
maintains  constant  screen  brilliancy  by  a 
unique,  yet  simple,  device  that  automatic- 
ally holds  the  arc  gap  constant  to  compen- 
sate for  variations  in  line  voltage.  The 
lamp's  automatic  focus  control,  a  com- 
bination optical  and  electrical  device,  con- 
stantly holds  the  crater  of  the  positive 
carbon  at  the  exact  focal  point  of  the  mir- 
ror within  the  exceptionally  narrow  limits 
of  7/1000ths  of  an  inch.  This  feature 
prevents  the  usual  variations  in  light  inten- 
sity that  often  prevail  when  using  lamps 
with  less  precise  focus  control. 

Low  Operating  Cost 

The    lamps    are    designed    to    use    either 


currently  available  9  mm  or  1  1  mm  high 
intensity  positive  carbons.  When  complete- 
ly developed  10  mm  carbons  become  avail- 
able, they,  too,  may  be  used.  The  cost  of 
9  mm  positive  and  5  16  inch  negative 
carbons  is  very  little  more  than  the  cost 
of  the  8  mm  positive  and  7  mm  negative 
carbons  used  in  reflector-type  arc  lamps 
in  the  6  5-70  ampere  range.  The  cost  of 
carbons  is  about  one-third  of  the  cost  of 
the  Super  H.  I.  13.6  positive  and  7  16  inch 
negative  carbons  used  in  condenser-type 
lamps  operating  in  the  140-180  ampere 
range. 

The  16  inch  diameter  reflectors  are  only 
slightly  higher  in  replacement  cost  than 
the  smaller  sized  reflectors  used  in  reflector- 
type  high  intensity  lamps  in  the  6  5-70 
ampere  range,  and  very  much  less  costly 
than  either  the  glass  or  quartz  condensers 
used  in  condenser-type  lamps  operating  in 
the  140-180  ampere  range. 

Simplicity  of  Operation 

Once  the  arc  is  struck,  the  projectionist 
need  only  watch  the  pilot  light  on  the 
lamphouse,  which  indicates  how  the  lamp 
is  performing.  This  light  flashes  when  the 
current  varies  above  or  below  normal,  and 
indicates  that  the  automatic  focus  control 
is  functioning.  Constant  adjustment  of 
the  manual  controls  by  the  projectionist  is 
therefore  unnecessary. 

There  is  no  need  for  the  projectionist  to 
periodically  adjust  the  reflector.  The  reflec- 
tor in  its  holder  is  permanently  mounted 
and  forms  the  rear  door  of  the  lamphouse. 
This  method  of  mounting  the  mirror  and 
securing  it  so  that  it  cannot  be  moved 
renders  it  certain  that  the  reflector,  the 
aperture  and  the  lens  will  always  be  in 
perfect  optical  alignment. 

Should,  by  remote  chance,  the  auto- 
matic focusing  device  fail  to  operate,  the 
projectionist  can  operate  the  burner  mech- 
anism by  means  of  a  conveniently  located 
knob  in  the  operating  side  of  the  machine. 
At  initial   installation  time  the  entire  car- 
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riage   is  positioned   so   that   the   light   spot  Construction  of  Lamp 
will  be  of  the  correct  dimension  and  cen- 
tered on   the  aperture.      In   the  event   the  The  moving  portions  of  the  lamp  con- 
burner  mechanism  should  be  removed  and  sist  of  comparatively  few  machined  parts. 


The    Motiograph-Hall    75/115    High   Intensity   Arc   Lamp,   a   reflector-type   arc   lamp 
with   light   output   needed   for   Drive-in  theatres 


subsequently  replaced,  so  that  the  relation  The  arc  burner  mechanism  is  built  as  a 
of  the  spot  to  the  aperture  is  disturbed,  complete  unit  which  can  be  readily  re- 
manual  adjustment  to  raise  or  lower  the  moved  if  servicing  is  required, 
carriage  or  to  move  it  from  side  to  side  The  large  roomy  housing  is  constructed 
may  be  made  by  two  additional  knobs  lo-  so  that  the  inside  surfaces  are  smooth  to 
cated  on  the  operating  side  of  the  lamp.  facilitate    cleaning.      As    a    further    aid    in 
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cleaning,  a  false  bottom  is  provided  which 
extends  under  the  entire  burner  mechanism 
and  which  can  be  readily  removed. 

The  positive  carbon  contacts  are  made  of 
bronze  having  the  best  heat  conductivity 


attached,  by  means  of  polished  steel  rods, 
two  sturdy  aluminum  castings  which  form 
the  front  and  back  of  the  housing.  Both 
doors  are  double- walled  to  effectively  in- 
sulate  the  outside   surfaces   from   the   high 


Detailed  view  of  the  Motiograph-Hall  75/115  High  Intensity  Arc  Lamp,  showing 
the  positioning  of  the  carbons,  the  rotating  positive  carbon,  and  the  large  16  inch 

mirror 


consistent  with  resistance  to  oxidation  and 
scaling.  The  contact  surfaces  are  lined 
with  pure  silver  1  16th  of  an  inch  thick. 
These  materials  readily  conduct  current  and 
carry  away  the  heat  rapidly,  yet  will  not 
scale. 

The     lamphouse     consists   of     a    formed 
heavy  gauge  sheet-steel  base,  to  which  are 


arc  temperature.  The  usual  ruby  glass 
observation  ports  and  arc  image  projector 
are  provided. 

•      •      • 

The  hard  scum  that  forms  on  the  arc  lamp 

reflector  will,  if  allowed  to  remain  on   the 

surface  of  the  reflector,  burn  itself  into  the 

surface  of  the  glass.     Then  it  can  only  be 
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scoured  oft  by  considerable  polishing  with 
Bon  Ami  used  on  a  slightly  moistened  cloth. 

•  •      • 

Carbon  particles  which  may  adhere  to  the 
surface  of  an  old  reflector  may  be  scraped 
off  with  a  flexible  razor  blade  and  then  sub- 
sequently polished  with  Bon  Ami  used  on  a 
slightly  moistened  cloth. 

•  •      • 

Fine  though  carbon  dust  may  be,  it  still 
can  act  as  an  abrasive — and  gears  and  shafts 
just   don't    get    along    well   with   abrasives. 


Moral:    keep 
carbon  dust. 


your    lamphouse    free    from 


Speaking  of  carbon  dust,  the  worst 
enemy  of  proper  amplifier  performance  is 
that  same  carbon  dust.  Carbon  dust  seep- 
ing into  a  switch,  volume  control  or  fila- 
ment rheostat  will  create  variable  resistance 
at  those  points,  causing  noisy  sound. 
Properly  cleaned  booth  equipment  means  a 
better  picture  and  high  quality  sound,  plus 
longer  equipment  life. 


^«£rHr->*  "i 


Nf  V  xf W 


Kir  , 


mh) 


'You   state   that   you   are   the   greatest   motion   picture   actress   in   the   world. 

Don't  you  think  that  sounds  a  little  egotistical?" 
'Perhaps  it  does,  but  you  must  remember,  your  honor,  that  I'm  under  oath." 
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The  Motor '-Generator 

"Projection  Lamp  Power  Supplies 


By  J.  E.  ROBIN 


(The  late  Mr.  Robin,  with  a  background 
Of  nearly  thirty- five  years  in  the  motion 
picture  field,  was  recognized  as  one  of  the 
outstanding  authorities  on  projection  engi- 
neering. Anion g  the  many  companies  with 
whom  he  has  been  associated  in  an  execu- 
tive and  consultant  capacity  are  included 
the    Precision    Machine    Co.,   International 


Projector  Co.,  Nicholas  Power  Co.,  Strong 
Electric  Co.,  Brenkert  Light  Projection  Co., 
Kollmorgen  Optical  Corp.,  Century  Elec- 
tric Co.,  and  the  Imperial  Electric  Co.) 

The  economic  advantages  obtained  in 
transmission  and  distribution  derived  from 
the  use  of  alternating  current  is  the  princi- 


Standard    single    unit    two-bearing    multiple    type    arc    motor-generator 
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pal  reason  why  it  has  become  the  universal 
power  supply. 

With  few  exceptions  theatres  everywhere 
are  served  with  alternating  current  at  a 
prevailing  frequency  of  60  cycles  in  the 
United  States  and  at  5  0  cycles  in  other 
countries.  This  form  of  electrical  energy 
reverses  its  direction  of  flow  in  a  periodic 
manner  rising  from  zero  to  maximum 
strength,  then  going  through  similar  varia- 
tions in  the  opposite  direction  many  times 
per  second,  with  each  change  comprising 
a  cycle,  as  contrasted  with  direct  current 
(D.C. )  which  flows  continuously  in  the 
one  direction. 


of  low  voltage  and  heavy  current  used  in 
conjunction  with  a  condenser  system  suf- 
ficed. 

With  progressive  changes  in  arc  lamp 
design  the  direct  use  of  alternating  current 
as  an  arc  power  supply  has,  with  one  excep- 
tion, ceased.  This  being  the  high  frequency 
alternating  current  arc  using  copper  coated 
carbons,  originally  pioneered  by  the  writer. 
It  is  suitable  for  installations  which  require 
only  moderate  screen  illumination. 

The  Use  of  D.C. 

The  superiority  of  direct  current  as  an 
arc  power  supply  was  soon  established  and 


jf  S  -■  S 


Duplex  single-unit  multiple  type  arc  motor-generator  for  Superex  arcs  and  standard 
spotlight    and    effect    machines 


A.C.   Operation 

When  the  carbon  arc  first  came  into  use 
as  a  projection  light  source  it  was  custom- 
ary to  use  whatever  power  was  found  avail- 
able. The  difficulty  from  A.C.  operation  of 
such  arcs  lies  in  the  fact  that  the  alternating 
current  flows  freely  in  one  direction  for  an 
instant  and  then  in  the  opposite  direction. 
This  reversal  causes  each  carbon  to  be  posi- 
tive half  the  time  and  negative  the  other 
half.  Therefore,  the  energy  is  divided  be- 
tween the  carbon  tips,  forming  two  craters 
of  fluctuating  temperatures  and  light  ra- 
diation. 

In  the  early  days  illumination  require- 
ments were  low.  The  old  style  inclined  arcs 


it  became  and  still  is  a  general  practice  to 
first  convert  any  form  of  alternating  cur- 
rent to  D.C.  before  using  it  for  arc  lamp 
operation. 

By  doing  so,  one  carbon  is  always  main- 
tained positive,  resulting  in  a  stabilized 
quiet  arc  of  increased  efficiency.  The  great 
majority  of  light  is  radiated  from  the  crater 
of  the  positive  carbon,  providing  almost  a 
point  source.  This  makes  possible  the  use 
of  simple  yet  highly  efficient  optical  systems 
as  a  means  of  utilization  to  pick  up  the 
maximum  available  light  and  focus  it  uni- 
formly at  the  projector  mechanism  aperture. 

These  optical  systems  are  an  elliptical 
type    reflector,    a    parabolic    reflector   used 


THE  MOTOR-GENERATOR 


171 


with  a  condenser  lens  or  a  doublet  con- 
denser system  as  used  in  the  high  current 
high  intensity  arcs.  Such  arcs  give  very 
uniform  and  extremely  brilliant  screen 
illumination  not  equalled  by  any  other 
known  light  source. 

Equipment  for  Conversion 

There  are  two  classes  of  equipment  com- 
monly used  in  motion  picture  theatres  for 
the  conversion  of  the  A.C.  power  supply  to 
direct  current  suitable  for  arc  lamp  opera- 


The  remaining  equipment  is  comprised  of 
transformers,  choke  coils  and  ventilating 
fan  and  terminal  board.  These  rectifiers 
function  as  an  electronic  valve,  which  per- 
mits the  current  to  flow  substantially  in 
only  one  direction.  By  suitable  circuit  de- 
sign, this  pulsating  uni-directional  supply 
can  be  filtered  for  arc  lamp  operation. 

Motor-generators  are  rotating  electrical 
machines  consisting  of  a  combination  of  a 
motor  and  generator  (s) ,  which  function  to 
convert   the   mechanical   energy   developed 


Duplex  single-unit   multiple  type   arc   motor-generator,  with   generator   field   housings 
and  end  bells  removed  to  show  armature  and  commutator  construction 


tion — rectifiers  and  motor-generators,  with 
the  exception  of  high  intensity  110-160 
ampere  lamps,  which  are  powered  exclu- 
sively by  generators. 

Direct  current  is  a  uni-directional  cur- 
rent; however,  it  may  be  constant  or  pe- 
riodically fluctuating  as  rectified  A.C. 

A  rectifier  is  usually  of  a  single  arc  type 
and  converts  A.C.  into  a  pulsating  current. 
The  types  available  for  projection  service 
may  be  classified  in  two  groups,  i.e.,  the  dry- 
junction  type  using  stacks  of  either  Cop- 
per-oxide, Magnesium-copper,  Sulphide  or 
Selenium  units  or  the  gas  bulb  type  utilizing 
two  or  more  Tungar,  Rectigon  type  bulbs. 


by  the  motor  into  generated  direct  current 
independent  of  the  A.C.  line  voltage  and 
as  a  separate  unit  permits  a  fine  degree  of 
voltage  regulation. 

In  most  two  bearing  motor-generator  sets 
the  A.C.  motor  rotor  and  the  D.C.  gen- 
erator armature  are  mounted  on  a  common 
shaft.  In  others,  particularly  the  larger 
rated  four  bearing  types,  the  motor  and 
generator (s)  are  individual  units  mounted 
on  a  common  bed  plate  and  coupled  by 
means  of  a  semi-flexible  coupling  unit.  It 
is  standard  practice  to  furnish  some  units 
with  vibration  Floating  Power  type  base 
mountings. 
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Rectifiers   or  Motor-Generators? 

The  various  types  of  rectifiers  and  the 
different  styles  of  motor-generators  all  have 
their  champions.  The  choice  depends  upon 
the  application  and  other  factors,  but  the 
writer  is  of  the  opinion  that  motor-genera- 
tors are  presently  the  best  source  of  a  steady 
direct  current  supply  for  arc  lamps  for  the 
following  reasons: 


version  equipment  because  of  the  in- 
herent performance  stability  of  the 
AC  driving  motor  and  independence 
of  the  generating  unit.  By  careful 
design  of  the  DC  generators  the  char- 
acteristics can  be  exactly  suited  to  the 
projection    arc    service    requirements. 

A  low  commutator  ripple  frequency 
and  stability  of   the  output   voltage 


Duplex  three-unit  multiple  type  arc  motor-generator  for  Suprex  arcs  and  standard 
spotlight  and  effect  machines 


1.  Great    dependability    and    rugged- 

ness.  For  theatre  use  this  is  impor- 
tant: it  is  the  Boxoffice  life  line  and 
the  means  that  all  of  us  in  show  busi- 
ness live  by.  The  old  adage,  "The 
Show  Must  Go  On"  is  not  subject  to 
compromise,  therefore,  the  generator 
set  is  well  constructed  mechanically, 
of  dependable  electrical  design  for 
the  service  and  having  few  compo- 
nents it  is  not  likely  to  suddenly  quit 
functioning  or  get  out  of  order. 

2.  Excellent  operating  characteris- 
tics. Motor-generators  are  less  af- 
fected by  power  line  voltage  varia- 
tions than  other  types  of  power  con- 


when  operating  under  a  mixed  load 
with  arcs  of  different  voltages  are 
features  that  are  exclusively  limited 
to  generators.  Duplex  types  have 
generators  that  operate  without  the 
use  of  series  auxiliary  ballast  resist- 
ances. The  importance  of  providing 
a  proper  form  of  direct  current  by 
specifically  designed  motor-generator 
sets  for  motion  picture  application 
cannot  be  over-emphasized.  Modern 
highly  efficient  standard  high  inten- 
sity arcs  of  the  focusing  type,  have 
high  speed  optics,  are  sensitive  to 
control  and  therefore  a  really  Stedy- 
power  supply  of  direct  current  is  a 
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prime  necessity. 

3.  Heavy  overload  capacity.  In  this 
field  no  other  kind  of  electrical  equip- 
ment exceeds  the  motor-generator  in 
its  capacity  to  handle  large  temporary 
peak  overloads,  such  as  occur  during 
arc  striking.  Even  reasonable  sus- 
tained overloads  arc  handled  with- 
out damage. 

4.  Very  good  overall  efficiency.  Well- 
designed  and  carefully  m  a  n  u  - 
factured  motor-generators  show  a 
high  ratio  of  output  DC  energy  to 
input  AC  energy  fully  comparable  to 
such  ratios  in  other  types  of  conver- 
sion equipment  where  the  factor  of 
dependability  is  not  given  the  same 
consideration  as  the  motor-generator. 
No  sacrifice  in  efficiency  is  necessary 
to  secure  the  other  desirable  charac- 


teristics   obtained    with    the    motor- 
generator. 

5.  Low  maintenance  cost.  Except  for 
occasional  lubrication  and  probable 
annual  generator  brush  replacement, 
the  first  cost  of  a  motor-generator  is 
usually  the  last  cost.  It  is  believed 
the  records  of  any  theatre  equipment 
dealer  will  coincide  with  those  of  the 
theatre  service  companies  which  in- 
dicate the  motor-generator  set  leads 
all  other  projection  room  equipment 
with  a  record  of  little  trouble  and 
low  maintenance  cost. 

Fundamental  Arc  Characteristics 

The  carbon  arc  is  an  inherently  unstable 
device,  that  is,  it  tends  to  go  out  unless 
auxiliary  stabilizing  means  are  externally 
provided.    This  comes  about  due  to  the  fact 


Interior  view  of  control  panel  for  duplex  type  multiple  arc  motor  generators 
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that  carbon,  and  the  arc,  exhibit  that  rarity 
in  nature,  a  negative  temperature  coefficient 
of  resistance.  That  is,  the  resistance  to  the 
flow  of  current  decreases  as  the  current 
tends  to  get  larger.  With  most  conductors 
the  opposite  is  true.  Stabilization  is  effected 
by  connecting  in  series  with  the  arc  suffi- 
cient resistance  of  the  usual  kind  (a  "bal- 
last" resistance)  to  compensate  for  the  neg- 
ative arc  characteristic. 

With  some  types  of  single  arc  rectifiers 
having  relatively  high  internal  impedance 
to  the  flow  of  current,  this  ballast  resistance 
can  be  omitted. 

The  focusing  type  highly  efficient  arcs 
of  the  present  day  demand  are  extremely 
critical  as  well  as  being  sensitive  to  voltage 
variation,  therefore,  any  contributing  fac- 
tor to  the  stabilization  of  the  arc  is  of  im- 
portance. 

The  carbons  are  smaller  and  the  current 
density  per  square  millimeter  of  area  greater 
with  the  Suprex  type  arcs  than  any  other. 
The  last  lamp  design  to  be  marketed  is  the 
"One  Kilowatt,"  which  has  a  rated  arc  volt- 
age of  27.5  with  a  working  current  of 
40-42  amperes.  The  standard  Suprex  arcs 
operate  within  an  arc  voltage  of  32-36  and 
a  current  range  of  42-65  amperes.  It  is 
likely  this  current  rating  will  be  increased 
in  post-war  offerings. 

For  small  installations  using  one  kilowatt 
arcs  where  the  low  voltage  arcs  only  are  to 
be  used,  and  where  theatre  size  precludes 
the  possibility  of  more  light  being  needed 
at  a  later  date,  small  and  very  efficient 
motor-generators  having  an  output  voltage 
of  around  3  6  volts  can  be  used.  Where 
higher  voltage  arcs,  such  as  spotlights, 
must  also  be  operated,  a  very  satisfactory 
and  efficient  unit  consists  of  a  Duplex  Mul- 
tiple motor-generator  having  one  driving 
motor  and  two  36-volt  generators,  each  op- 
erating one  low-voltage  lamp;  the  higher 
voltage  arc  is  then  operated  from  the  two 
36-volt  generators  connected  in  series 
through  a  ballast  resistor  to  the  72-volt 
circuit. 
Generator  Terminal  Voltage 

For  the  standard  Suprex  lamps  and  mul- 


tiple type  motor-generators,  the  most  effi- 
cient generator  terminal  voltage  is  about 
42-45  volts.  This  is  too  low  for  the  opera- 
tion of  spotlights,  etc.,  however,  and  is  also 
too  low  for  best  arc  stability.  As  in  the 
case  of  motor-generators  for  one  kilowatt 
arcs,  higher  voltage  arcs  can  be  operated 
by  selecting  a  Duplex  multiple  unit  pro- 
viding two  42-volt  outputs  which  can  be 
series  connected  for  an  84  volt  circuit,  and 
5  5  volt  arcs  operated  with  a  proper  ballast 
resistor  in  series  on  the  84  volt  line. 

Unless  minimum  first  cost  and  maximum 
efficiency  are  the  controlling  factors,  how- 
ever, it  is  usually  better  to  select  a  some- 
what  higher  voltage  motor-generator.  For 
this  service  60  volt  units  are  recommended 
by  almost  all  manufacturers.  Spots  and 
effect  machine  lamps  can  be  operated  eco- 
nomically, and  the  projection  arc  lamp  con- 
trols will  nearly  always  function  better. 
The  improved  performance  to  be  derived 
from  better  stabilizing  ballast  action  can 
be  seen  from  sample  measurements  made 
with  a  36  volt,  5  0  ampere  Suprex  arc.  With 
a  60  volt  generator  the  change  in  arc  cur- 
rent per  one  volt  change  in  line  or  arc 
voltage  was  approximately  4%  .  Using  a  42 
volt  generator,  the  change  was  over  14%, 
three  and  one-half  times  as  great.  This  im- 
proved stability  is  important  and  well  worth 
the  small  additional  costs,  for  it  provides  a 
margin  of  safety  to  compensate  for  such 
defects  in  lamp  operation  as  those  caused 
by  imperfectly  operating  arc  controls,  and 
their  component  parts,  particularly  the 
driving  motor,  disturbances  to  arc  tail  flame 
caused  either  by  the  revolving  shutter  of 
the  projector  mechanism  or  improperly 
dampercd  lamphouse  flues  or  their  connec- 
tions. 

Motor-generator  Control  Panels 

Motor-generator  control  panels  usually 
are  of  the  dead  face  type  consisting  of  a 
steel  cabinet  mounting  on  their  covers  and 
back  connected  field  rheostats  for  the  con- 
trol of  the  generator  voltage,  a  voltmeter 
to  indicate  the  output  generator  voltage  and 
an  ammeter  to  indicate  the  total  D.C,  load. 
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Some  types  may  be  provided  with  a  push 
button  station  to  control  the  starting  and 
stopping  of  the  motor-generator — signal 
indicating  lamps,  suitable  terminal  blocks 
to  facilitate  connections  to  the  external  cir- 
cuit wiring.  Ammeters  are  usually  provided 
with  external  shunts  which  can  be  placed 
in  the  switchboard  to  obviate  the  necessity 
for  bringing  heavy  current  wiring  through 
the  generator  control  panel  solely  for  the 
purpose  of  this  connection.  Special  type 
switchboards  with  single  or  double  throw 
switches  and  bus  bars  are  sometimes  fur- 
nished with  the  generator  control  panel  as 
special  equipment. 


pere  rating  depends  upon  the  number  of 
arcs,  the  arc  voltages  and  current,  and  the 
type  of  arc  lamps  to  be  powered  simul- 
taneously. 

The  following  is  concerned  with  other 
important  considerations  to  be  taken  into 
account  to  determine  the  maximum  kilo- 
watt generator  rating.  It  is  this  rating 
which  principally  determines  the  cost  of 
the  motor-generator. 

The  one  general  rule  to  follow  is  to  se- 
lect a  machine  of  a  voltage  and  ampere 
rating  sufficient  to  provide  capacity  for  the 
largest  possible  load  the  theatre  may  even- 
tually have  in  operation  and  at  one  time. 


Control  panel   for  standard  single-unit 
multiple  type  arc  motor-generator 


Control  panel  for  duplex  type  multiple 
arc    motor-generators 


Selection   of  the   proper   rated   Motor- 
Generator 

The  explanatory  information  of  preced- 
ing sections  is  also  applicable  under  this 
heading  and  need  not  be  repeated.  As 
noted,  the  motor-generator  voltage  and  am- 


This  load  can  usually  be  determined  with 
reasonable  accuracy  from  consideration  of 
theatre  size,  type  of  performances  and  prob- 
able future  policies.  It  is  wise,  however,  to 
recognize  the  industry  trend  toward  in- 
creased screen  size  and  illumination  is  only 
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temporarily  delayed  by  the  war  and  post- 
war developments  may  accelerate  this  trend. 
Actual  field   experience  has  shown  that 
under  normal  conditions  the  arc  current  for 


a  given  type  of  carbon  trim  and  lamp  is 
almost  invariably  stepped  up  to  maximum 
shortly  after  the  installation  and  as  soon  as 
the  owner  realizes  what  benefits  and  profits 
can  be  obtained  from  really  clear,  brilliant 
life-like  reproductions,  projected  in  a  house 
lighted  in  the  interior  to  balance  eye  fa- 
tigue. The  late  Mr.  George  Eastman  and 
the  writer  have  both  pioneered  to  obtain 
this  improvement  over  a  long  period  of 
years. 

Every  exhibitor  and  person  concerned 
with  the  installation  of  electrical  apparatus 
should  give  very  serious  and  earnest  consid- 
eration to  the  subject  of  wiring  and  the  se- 
lection of  the  proper  rated  generator.  Mo- 
tor-generators are  renowned  for  the  long 
years  of  satisfactory  service,  provided  they 
are  used  in  accordance  with  the  nameplate 
rating  and  the  manufacturer's  recommen- 
dation. 

Installation  and  wiring  costs  usually  rep- 
resent a  considerable  dollar  investment,  so 
it  is  smart  and  less  expensive  eventually  to 
initially  provide  reserve  capacity  in  both 
the  wiring  system  and  the  generator  unit 
rather  than  be  forced  at  a  later  date  to  make 
expensive  alterations  or  replacements  be- 
cause of  a  lack  of  foresight  at  the  time  of 
original  purchase. 
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Proper  Maintenance  and  Repair 

By  JAMES  E.  HUCKLEBERRY 


It  is  a  sad  commentary  indeed  to  say  that 
the  motors  in  all  theatre  equipment  have 
usually  been  sadly  neglected.  Neglect  can 
close  a  theatre  not  only  for  hours,  but  for 
days.  To  aid  in  the  prevention  of  such  ad- 
mission losses  is  the  aim  of  this  article,  and 
I  hope  that  the  suggestions  made  will  be 
of  some  value  to  theatre  owner,  manager 
and  projectionist. 

First,  I  recommend  that  a  complete  sur- 
vey be  made  of  every  point  in  the  theatre 
where  a  motor  might  conceivably  be  in 
use.  Sounds  silly,  I  know,  but  it  has  often 
proven  truly  surprising  to  many  an  ex- 
hibitor to  discover  how  many  motors  he  has 
in  the  house.  Here  are  a  few  places  where 
motors  are  used — motor  generator  sets  for 
arc  lamp  power  supply;  sound  reproducer 
motors;  rewind  motors;  curtain  control  mo- 
tors; vacuum  cleaner  motors;  ticket  ma- 
chines; cooling  and  heating  system  motors; 
sump  pumps,  fans,  etc. 

Once  they  are  located,  the  name  plates 
on  each  motor  should  be  cleaned  thorough- 
ly and  a  record  made  of  manufacturer's 
name,  motor  type,  horse  power,  r.p.m., 
cycles,  serial  number  of  motor — in  fact, 
every  item  of  information  that  might  be  on 
that  name  plate.  The  name,  address  and 
telephone  number  of  the  manufacturer  and 
his  dealer  will  be  helpful  to  have. 

After  you  have  this  data,  see  your  thea- 
tre equipment  dealer  and  find  out  where 
you  can  obtain  a  "loaner"  motor  of  each 
kind  in  the  event  of  a  breakdown  that 
cannot   be   repaired    by   a    member  of    the 


theatre  staff.  Motors  can  stand  a  lot  of 
abuse,  but  some  parts  wear  out  faster  than 
others  and  a  spare  set  of  such  parts  should 
be  kept  on  hand. 

If  your  motors  are  old  and  have  never 
been  repaired,  then  it  is  desirable  to  imme- 
diately have  your  theatre  equipment  dealer 
make  arrangements  for  an  immediate  over- 
haul of  each  and  every  one.  This  is  particu- 
larly true  if  the  motor  is  a  component  part 
of  an  obsolete  sound  system,  arc  lamp  or  air 
conditioning  system. 

Routine  Inspection 

If  you  are  one  of  those  individuals  who 
have  taken  care  of  your  motors,  such  ac- 
tion, of  course,  will  not  be  necessary.  But 
whether  you  have  been  careful  or  neglectful 
of  the  condition  of  motors,  it  is  well  to  set 
up  a  regular  inspection  routine  to  prevent 
trouble  before  it  occurs.  Careful  records 
of  conditions  and  dates  of  each  inspection 
should  be  kept,  and  repairs,  lubrications 
and  installation  of  new  parts  should  be 
noted. 

It  is  practically  impossible  to  set  down 
any  hard  and  fast  rules  for  the  frequency  of 
inspections,  as  they  are  best  determined  by 
the  particular  location  and  usage.  In  gen- 
eral, in  motors  and  generators  using  oil 
bearings,  the  oil  level  should  be  checked 
once  a  week  and  renewed  when  necessary. 
Oil  rings  should  be  checked  to  see  if  they 
are  turning  freely.  The  temperature  of  the 
bearings  and  frame  can  be  checked  by  feel- 
ing with  the  hand.    Most  motors  and  gen- 
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orators  for  theatre  operation  are  designed 
on  a  basis  of  40°  C.  temperature  rise.  This 
means  that  the  temperature  of  the  motor  or 
generator  should  not  be  greater  than  40° 
C.  (72°  F.)  above  the  temperature  of  the 
room  in  which  the  equipment  is  operating. 


when  changing  brushes  that  they  are  of  the 
exact  type  and  grade  specified  by  the 
manufacturer  of  your  equipment.  The 
writer,  after  many  years  of  dealing  with 
hundreds  of  motor  and  generator  installa- 
tions,   and   keeping   exact    cost    records   of 
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A  motor  or  generator  that  is  operating 
properly  will  feel  warm  to  the  touch,  but 
not  uncomfortably  hot.  Also,  smell  the  air 
COming  from  the  open  machine.  The  fumes 
coming  from  over-heated  insulation  are 
unmistakable. 

Once  each  month,  brush-holders,  brushes 
and  brush  pig-tails  or  shunts  should  be 
checked.  Make  sure  that  the  brushes  are  of 
proper  length  for  good  operation,  that  they 
are  seating  properly  on  the  commutator, 
and  that  the  screws  fastening  the  pig-tails 
to  the  brush-holders  are  tight.   Make  sure 


operations,  has  come  to  the  conclusion  that 
the  use  of  any  part  in  repairs  other  than 
those  specified  by  the  manufacturer,  either 
because  it  is  cheaper  or  for  other  reasons 
of  false  economy,  is  a  very  costly  practice 
indeed.  During  the  periodical  check  the 
motor  should  be  blown  out  with  com- 
pressed air.  Air  of  more  than  fifty  pounds 
of  pressure  per  square  inch  should  never  be 
used;  in  fact,  a  medium  sized  hand  bellows 
could  be  used  just  as  well  and  with  far  less 
chance  of  damaging  insulation. 

Once  each  year  the  air  gap   (see  section 
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on  "Air  Gaps")  of  the  motor  should  be 
checked  with  a  feeler  gauge.  Check  the 
insulation  resistance  with  a  "meggar"  (see 
section  on  "Insulation").  Check  the  line 
voltage  under  load  with  an  accurate  volt- 


baking,  a  preparation  known  as  Glyptol 
may  be  used,  and  as  it  is  air  drying  and  its 
insulation  properties  are  very  high,  it  is  a 
very  excellent  substitute  for  dipping  and 
baking. 
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Split  phase  motor  with  resilient  base  mounting.    (Courtesy  Leland  Electric  Co.) 


meter,  and  the  line  current  with  an  am- 
meter. The  grease  (unless  of  the  sealed-in 
type)  in  ball  and  roller  bearings  should  also 
be  cleaned  out  and  renewed  at  this  time. 

Every  two  years,  where  practical,  the 
motor  should  be  taken  apart  and  cleaned. 
Inspect  bearings  for  wear,  see  that  all  wind- 
ings arc  tight,  and  that  all  loose  wedges  and 
bands  are  tightened  or  renewed  before  dip- 
ping the  windings  in  insulating  varnish 
and  baking.  In  the  absence  of  facilities  for 


Bearings 

Bearings  probably  cause  more  motor  and 
generator  troubles  and  failures  than  any 
other  cause.  When  we  remember  that  they 
can  be  victims  of  poor  foundations,  loose 
fastening  down,  mis-alignment  and  dozens 
of  other  factors,  this  is  not  at  all  surprising. 
Also,  they  are  subjected,  in  many  cases,  to 
just  any  lubricant  that  happens  to  be 
hand}'.  The  first  requirement  in  any  success- 
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ful  bearing  operation  is  proper  lubrication. 
This  entails  no  more  bother  than  obtaining 
the  manufacturer's  lubrication  specifica- 
tions for  the  particular  machine,  and  then 
living  up  to  them  to  the  letter.  Absolute 
safe  bearing  operating  temperature  of  bear- 
ings can  be  considered  as  40°  C.  above  room 
temperature.  As  stated  before,  this  tem- 
perature feels  comfortably  warm  to  the 
hand.  Assuming  proper  mechanical  condi- 
tions and  proper  lubrication  and  assembly, 
any  undue  temperature  rise  should  be  inves- 
tigated immediately,  and  measures  taken 
for  its  correction. 

Ball  and  roller  bearings  are  becoming 
more  frequent  in  usage,  and  carelessness  in 
their  maintenance  is  usually  responsible  for 
their  failure.  Again,  the  advice  of  the 
manufacturer  should  be  followed  regarding 
lubrication.  Soda  base  soap  greases  are 
usually  used  on  account  of  their  high  melt- 
ing point  and  their  general  stability.  Such 
greases,  however,  have  one  bad  feature — 
they  mix  readily  with  water  and  tend  to 
form  an  emulsion. 

Ball  and  roller  bearings  in  trouble  can 
usually  be  detected  by  two  signs,  namely, 
heating  and  excess  noise.  Cracked,  broken 
or  nicked  balls,  rollers  and  races  will  cause 
the  bearings  to  be  destroyed  rapidly.  They 
can  be  detected  by  the  clicking  sounds  that 
they  make  while  the  machine  is  in  opera- 
tion. 

When  the  temperature  of  a  ball  or  roller 
bearing  rises  to  unsafe  limits,  look  first  for 
an  overfilled  bearing.  Heating  is  always  a 
symptom  of  an  overfilled  bearing,  which  is 
caused  by  the  churning  of  the  grease.  A 
good  general  rule  to  follow  in  greasing  of 
ball  and  roller  bearings,  in  the  absence  of 
instructions  by  the  manufacturer,  is  to  fill 
the  bearing  from  one-third  to  one-half  full. 
Clean  all  old  grease  from  bearings  and 
housings  at  least  once  each  year,  and  repack 
with  new  grease.  Always  protect  new 
grease  from  dirt  and  dust. 

Air  Gaps 

The  air  gap  on  a  motor  or  generator  is 
dependent  upon  two  things — bearing  main- 


tenance and  proper  alignment  of  support- 
ing brackets  or  pedestals.  Alternating  cur- 
rent motors  are  designed  to  operate  with 
less  air  gap  than  D.C.  motors  or  generators, 
and  therefore  are  more  critical.  The  air 
gap  should  be  checked  from  the  pulley  or 
coupling  end  with  a  feeler  gauge,  taking 
four  readings  at  90  degree  intervals — top, 
bottom  and  both  sides.  For  motors  A.C. 
10  h.p.  or  less  a  minimum  gap  of  .00  5 
inch  is  desirable,  while  for  larger  motors 
.010  inch  will  be  about  right. 

Couplings 

The  couplings  on  direct  coupled  motors 
and  generators  should  have  frequent  and 
regular  inspections.  Faulty  couplings,  loose 
coupling  bolts  and  improper  alignment  are 
all  reflected  in  bearing  troubles  and  exces- 
sive vibration.  Make  sure  that  all  dowel  or 
aligning  pins  are  correctly  placed,  and  that 
the  faces  of  rigid  couplings  are  touching 
evenly  all  the  way  around.  The  faces  of  the 
couplings  should  be  checked  with  a  feeler 
gauge  after  removal  of  the  bolts.  The  motor 
position  should  be  shifted  to  align  coupling 
faces  properly.  Flexible  couplings  will  oper- 
ate under  severe  misaligning  strains  with- 
out trouble,  but  they  should  be  as  carefully 
aligned  as  a  tight  coupling.  You  will  be 
more  than  repaid  for  your  care  in  aligning 
by  decreased  wear  and  tear  on  pins,  fingers, 
leather  or  composition  discs,  or  whatever 
flexible  member  is  used. 

Insulation 

With  respect  to  insulation,  a  good  thing 
to  remember  is  that  any  motor  is  only  as 
old  as  the  condition  of  its  insulation. 
Motors  used  in  clean,  well  ventilated  rooms 
of  average  temperature  will  operate  indef- 
initely without  deterioration  of  insulation, 
while  motors  in  hot  and  dry  or  excessively 
moist  locations  deteriorate  very  rapidly.  In- 
sulation is  important  in  that  it  separates 
the  electrical  parts  from  the  mechanical 
parts  of  the  motor  and  should  be  main- 
tained as  such. 

The  keeping  of  electrical  equipment  clean 
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and  dry  is  very  important.  Dust,  dirt  and 
oil  are  the  arch  enemies  of  insulation  and 
contribute  greatly  to  its  breakdown,  and 
they  also  tend  to  raise  operating  tempera- 
tures above  safe  levels.  Excessive  dirt  and 
dust  can  be  blown  out  with  air  at  low  pres- 
sures, but  should  never  be  blasted  out,  as 
the  dirt  frequently  contains  abrasives  that 
are  liable  to  cut  and  wear  insulations  badlv. 


ment  to  read  resistance  to  ground  over  a 
range  from  10,000  ohms  to  infinity.  While 
this  instrument  is  too  expensive  to  be  in- 
cluded in  the  equipment  of  the  average 
theatre,  most  power  companies  have  them 
for  the  testing  of  their  own  equipment  and 
they  are  usually  willing  to  make  arrange- 
ments to  test  their  customers'  equipment  as 
a  matter  of  policy. 
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Typical    small    single    phase    A.C.    motor    disassembled    to    show    internal    construction 


Oil  can  be  washed  away  with  a  neutral  sol- 
vent such  as  oleum  spirits  or  carbon  tetra- 
chloride. Always  remember  when  using  in- 
flammable substances  for  cleaning  to  have 
the  room  well  ventilated  and  equipment 
well  grounded  to  guard  against  static 
sparks. 

Do  not  paint  windings  with  Glyptol  or 
baking  varnish  until  they  are  thoroughly 
clean.  When  baking  in  an  oven,  the  tem- 
perature should  be  controlled  at  115°  C. 

Insulation  tests  are  made  more  to  check 
the  insulating  condition  rather  than  its 
quality.  A  very  convenient  instrument  for 
this  test  is  the  5  00  volt  meggar,  an  instru- 


The  readings  obtained  are  valuable  only 
for  purposes  of  comparison.  A  steady  curve 
of  readings  over  a  period  of  time  is  good, 
while  a  steadily  declining  resistance  to 
ground  reading  from  time  to  time  indi- 
cates insulation  deterioration,  and  enables 
repairs  to  be  made  before  a  breakdown  and 
while  cost  is  comparatively  low.  A  good 
safe  rule  to  follow  is  that  the  insulation 
value  should  be  one  megohm  (one  million 
ohms)  for  each  1,000  volts  of  operating 
voltage,  with  one  megohm  as  a  minimum 
for  any  operating  voltage. 

Direct  current  motors  and  generators 
present  their  added  brush  holder  and  com- 
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mutator  problems  to  the  general  mainte- 
nance picture.  The  direct  current  motor  or 
generator  has  its  heart  in  its  armature.  The 
main  line  current  flows  through  the  arma- 
ture, and  when  the  machine  is  overloaded 
ic  is  always  the  armature  that  shows  the 
first  signs  of  trouble.  When  dismantling  a 
D.C.  motor  or  generator  for  overhauling  or 


and  position  of  the  band  must  always  be 
the  same.  An  increase  of  band  width  or 
size  will  produce  heating,  and  sometimes 
this  will  be  great  enough  to  melt  the  solder 
on  the  bands,  thus  causing  them  to  loosen 
and  come  off. 

When   commutator  bars   are  loose,    they 
should  be  tightened  only  by  an  experienced 
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1.  Never  rest  the  weight  of  the  arma- 
ture on  its  commutator  or  coils. 

2.  Do  not  roll  the  armature  on  the  floor, 
and  when  placing  it  on  the  floor,  it 
should  rest  on  several  thicknesses  of 
heavy  paper.  When  an  armature  is 
rolled  upon  the  floor  a  coil  is  liable 
to  be  injured,  or  the  banding  wires 
are  liable  to  be  nicked,  causing  them 
to  break. 

3.  If  at  all  possible,  always  support  or 
lift  an  armature  by  its  shaft. 

4.  Inspect  all  coils  and  see  that  all 
wedges  are  tight  and  that  all  band 
wires  are  tight. 

If  it  becomes  necessary  to  replace  a  band 
on  an  armature,  be  sure,  as  far  as  possible, 
to  duplicate  the  original  banding.  The 
material,  diameter  of  wire,  and   the  width 


workman.  When  the  bars  are  tight,  they 
will  sound  with  a  bell-like  ring  when 
struck  lightly  with  a  light  hammer.  Bars 
that  give  off  a  dull  thudding  sound  when 
struck  should  be  tightened  at  the  front  vee. 
This  vee  ring,  due  to  its  exposed  position, 
is  a  general  catch-all  for  dust  and  dirt.  It 
should  be  carefully  cleaned  by  washing 
with  carbon  tetrachloride  or  some  other 
good  cleaning  fluid,  and  wrapped  with 
light  twine.  It  can  then  be  painted  with 
insulating  enamel  (Glyptol),  and  kept 
clean  by  wiping  at  frequent  intervals. 

Good  Care  Brings  Returns 

The  brush  rigging  should  be  checked  at 
frequent  intervals,  and  should  be  changed 
whenever  there  is  any  appreciable  wear  on 
the  inside  of  the  brush  boxes.  Brushes 
must  be  fitted  so  as  not  to  be  so  tight  as  to 
stick,  or  so  loose  as  to  chatter  when  the 
machine  is  running.  Always  make  sure  that 
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the  brushes  used  are  those  specified  by  the 
manufacturer  of  the  machine,  and  that  they 
fit  the  commutator  all  along  the  face  of  the 
brush.  The  spring  tension  of  the  brushes 
should  be  uniform  on  all  brushes.  This 
tension  can  be  measured  by  a  small  scale 
which  may  be  purchased  from  any  electrical 
supply  house.  A  good  tension,  in  the  ab- 
sence of  more  definite  instructions  from  the 
manufacturer  of  the  equipment,  is  1 l/z  lbs. 
per  square  inch  of  brush  face  surface.  The 
brushes  should  be  staggered  in  alternate 
pairs  (every  other  arm)  so  as  not  to  allow 
the  surface  of  the  commutator  to  become 
grooved.  Shunts  should  be  kept  tight  at  all 
times  and  not  allowed  to  burn  or  corrode. 


When  necessary  to  resurface  a  commuta- 
tor it  should  always  be  done  in  a  lathe  or 
grinding  jig.  There  are  hand  stones  on  the 
market  for  which  great  claims  are  made, 
but  my  experience  has  been  that  they  are 
far  from  satisfactory.  The  only  help  they 
give  is  temporary  and  usually  they  only 
hasten  the  trip  to  the  lathe.  A  true  surface 
can  only  be  made  in  a  lathe  or  grinding  jig. 

Most  commutators  of  today  are  undercut 
in  the  mica  insulation  between  the  bars. 
This  undercutting  will  vary  with  different 
manufacturers,  some  using  a  V  cut  and 
some  square.  Regardless  of  the  method 
used,  this  undercutting  should  be  kept  clean 
and  about  one  sixteenth  of  an  inch  deep. 


'Don't  go  to  see  that  picture!   It's  so  bad  I  had  to  sit  through  it  three  times  to  get 

my  money's  worth." 
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Theatre  Rectifiers 

An  Explanation  of  the  Various  Types 


By  HARRY  H.  STRONG 

President,  The  Strong  Electric  Corporation 


The  incoming  power  supply  to  most 
theatres  is  necessarily  alternating  current, 
because  alternating  current  affords  the  only 
feasible  means  of  transmitting  electrical 
power  over  long  distances.  However,  mod- 
ern projection  arc  lamps  are  fundamentally 
direct  current  equipment  because  the  crater 
of  a  high  intensity  direct  current  arc  is  the 
only  light  source  of  sufficiently  high  intrin- 
sic brilliance  and  concentration  to  provide 
satisfactory  projection  of  motion  pictures. 
Accordingly,  it  is  necessary  to  employ  some 
means  of  converting  the  incoming  alter- 
nating current  electricity  to  direct  current 
for  use  in  the  projection  arc  lamp. 

This  changing  of  the  current  is  accom- 
plished through  the  use  of  some  type  of 
electrical  conversion  equipment,  generally  a 
rectifier  or  motor-generator  set.  Originally, 
generators  were  used  quite  universally  for 
this  conversion  of  current,  but  with 
the  development  of  the  tungar  tube  and 
copper  oxide  rectifier  elements  there  has 
been  a  definite  swing  to  rectifiers  because 
of  their  lower  original  and  operating  costs, 
higher  efficiency  and  stable  operation,  to 
say  nothing  of  greater  ease  of  installation, 
portability,  and  the  elimination  of  moving 
parts. 

As  manufacturers  of  p  r  o  j  e  c  t  i  on  arc 
lamps,  the  Strong  Electric  Corporation  has 
been  interested  in  producing  an  economical 
electrical    conversion   equipment   to  supply 


direct  current  having  the  exact  volt  am- 
perage characteristics  necessary  to  assure  a 
stable  burning  arc  without  the  use  of  waste- 
ful ballast  resistors,  as  is  necessary  with 
the  motor  generator.  Accordingly,  we  have 
taken  advantage  of  the  new  developments 
in  rectifier  elements  to  develop  a  complete 
line  of  rectifiers  for  arcs  of  various  capaci- 
ties and  for  the  various  line  voltages  serv- 
icing the  theatres. 

Types  of  Rectifiers 

The  tube  rectifier  depends  primarily  on 
the  valve  action  of  a  heated  filament  (cath- 
ode) and  a  cold  anode  sealed  in  a  glass 
envelope  arranged  so  that  it  will  pass  elec- 
tricity in  one  direction  only.  Two  or  more 
of  these  rectifier  tubes  are  connected  in  a 
transformer  network  so  that  a  particularly 
smooth  direct  current  is  supplied  to  the 
arc  when  the  rectifier  is  connected  to  an 
AC  power  circuit. 

The  complete  rectifier  consists  mainly 
of  an  insulated  type  transformer  provided 
with  taps  as  required  for  the  various  power 
line  voltages  and  an  8 -point  manually  op- 
erated rotary  switch  for  convenient  adjust- 
ment of  arc  amperage. 

Rectifiers  of  40  amperes  or  less  are  gen- 
erally built  for  use  on  single  phase  power 
lines.  High  capacity  rectifiers  up  to  80 
amperes  are  designed  for  three  phase  power 
operation. 
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The  thirty  ampere  rectifier  for  use  with 
low  intensity  arc  is  supplied  for  use  on 
single  phase  AC  circuits,  and  employs  two 
15 -ampere  tubes  connected  for  full  wave 
rectifications. 

Rectifiers  up  to  5  0  ampere  capacity  may 
be  supplied  for  either  single  or  three  phase 
power  circuits,  and  these  rectifiers  employ 


four   15 -ampere  tubes. 

The  larger  capacity  6-tube  rectifiers  up 
to  80  amperes  are  supplied  for  3 -phase 
power  circuit  operation  because  these  heavy 
current  loads  are  better  supplied  over  3- 
phase  AC  power  lines  and  because  of  the 
smoother  DC  output  current  delivered  by 
6  tubes  when   they  are  connected  for  full 


A   Strong  Utility   Rectifier,  supplied   for   use   on   single  phase   AC   Circuits 
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wave  rectification  on  3  phase  circuits. 

Rectifier    Components 

The  tube  type  rectifier  is  comprised 
mainly  of  a  special  transformer  for  chang- 
ing   the   alternating   current   voltage    to    a 


A  Strong  Rectifier,  showing  ventilation 
ducts 


potential  suitable  for  operating  the  arc,  a 
radial  switch  for  regulating  the  arc  cur- 
rent to  the  desired  number  of  amperes,  the 
rectifier  tubes,  a  substantial  housing,  and 
the  necessary  sockets,  lead  wires,  etc. 

The  transformer  is  of  the  modified  core 
type,  designed  to  possess  constant  current 
characteristics,  thus  allowing  commercial 
fluctuations  of  line  voltage  without  affect- 
ing the  stability  of  the  arc.  The  primary 
and  secondary  coils  are  separate  and  are 
effectively  insulated  from  each  other.  This 
allows  only  the  low  voltage  necessary  to 
operate  the  arc  to  enter  the  lamphouse. 

Ventilation  by  means  of  air  draughts 
through  the  large  unobstructed  ducts,  un- 
derneath and  adjacent  to  the  sides  of  the 
transformer,  past  the  tubes,  and  through 
the  perforated  metal  top  and  sides  of 
the  housing,  effectively  dissipate  the  heat, 
with  the  result  that  the  rectifier  operates  at 
particularly  low  temperatures. 

Simple  To  Install 

The  installation  of  Strong  rectifiers  is 
particularly  simple,  as  they  are  furnished 
in  single  lamp  capacities  to  suit  individual 
needs.  This  makes  it  possible  to  build  units 
small  enough  to  be  placed  in  a  corner,  or 
on  the  floor  directly  under  the  projector, 
where  they  may  be  readily  connected  to 
the  present  wiring  by  means  of  lead  wires 
which  are  furnished  with  the  rectifiers. 

The  smaller  theatre  which  employs  the 
one-kilowatt  lamp  of  low  capacity  generally 
has  only  single-phase  power  available  and 
accordingly  we  have  developed  a  one  kilo- 
watt 4  tube  single-phase  rectifier  to  meet 
this  condition. 

Copper   Oxide   Rectifiers 

The  production  of  a  new  means  of  rec- 
tification employing  copper  oxide  elements 
has  resulted  in  the  development  of  a  com- 
plete new  line  of  copper  oxide  rectifiers 
particularly  well  suited  to  supplying  DC 
power  to  the  new  low  voltage  high  inten- 
sity arc. 

The  principle  of  the  copper  oxide  recti- 
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fier  is  similar  to  that  of  the  "cat's  whisker" 
detector  of  crystal  radio  days,  in  which 
certain  dissimilar  metallic  elements  in  con- 
tact possess  the  peculiar  property  of  pass- 


of    pure     copper    upon     which    has     been 
formed  a  layer  of  copper  oxide. 

The   actual    manufacture   of   the   copper 
oxide   elements    follows    the    procedure    of 


Arrangement  of  tubes  in  the  larger  capacity  six  tube  rectifier  employed  for  3-phase 

power  circuit  operation 


in;;  electricity  freely  in  one  direction,  but 
oner  yery  high  resistance  when  the  current 
flovvs  in  the  opposite  direction. 

in  the  instance  of  this  copper  oxide  rec- 
tiher,  the  elements  employed  are  pure  cop- 
pci  and  copper  oxide.  In  practice  these 
rectified  elements  are  manufactured  sheets 


heating  sheets  of  pure  copper  to  a  cherry 
red,  then  transferring  the  still  hot  copper 
sheets  into  an  atmosphere  of  oxygen, 
wherein  the  outer  surface  of  the  copper  is 
transformed  into  a  layer  of  the  oxide  of 
copper. 

In     utilizing    this     principle,    the     oxide 
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Copper  oxide  rectifier,  with  oxide  coated  plates 


coated  plates  are  connected  in  an  elec- 
trical network  so  that  the  AC  line  power 
supply  emerges  from  the  rectifiers  as  direct 
current. 

Since  copper  oxide  rectification  is  by 
molecular  action,  that  is,  no  physical  change 
takes  place,  the  useful  life  of  the  rectifier 
is  extremely  long,  providing  it  is  not  pre- 
maturely aged  by  heating  as  the  result  of 
overload.  Accordingly,  the  copper  oxide 
rectifier  is  provided  with  forced  ventilation 
to  assure  low  operating  temperature. 

Comparison  of  Advantages 

Weighing  the  advantages  of  the  various 
types  of  rectification,  the  motor  generator 
is  stable  in  operation  but  comparatively 
high  in  first  cost  and  relatively  wasteful 
of  current.     It  is  large  and  heavy,  requires 


periodic  inspection  and  repairs,  and  is  often 
noisy. 

The  tube  type  rectifier  is  most  efficient, 
low  in  first  cost,  simple  in  construction 
and  operation,  and  requires  little  attention. 
While  there  may  be  some  physiological  ob- 
jection to  the  thought  of  tube  replacement, 
modern  tube  life  is  entirely  satisfactory, 
and  the  tubes  are  quickly  replaced  at  low 
cost.  All  of  these  advantages  probably  ac- 
count for  the  fact  that  more  theatres  em- 
ploy tube  rectifiers  than  all  other  types  of 
rectification  combined. 

In  the  instance  of  copper  oxide  recti- 
fiers, they  have  won  early  acceptance  due 
principally  to  the  publicity  given  their  high 
efficiency  and  long  life;  however,  the  last 
claim  cannot  as  yet  be  substantiated,  due 
to  the  fact  that  the  copper  oxide  rectifier 
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has  not  had  sufficient  field  service  to  expe-  Trends  favoring  various  types  of  recti- 
rience  the  test  of  time.  Another  disadvan-  hcation  differ  geographically,  probably  as 
tage  of  the  copper  oxide  rectifier  is  the  the  result  of  individual  sales  efforts  favor- 
expense  of  replacing  worn-out  copper  oxide  ing  one  type  of  equipment  by  local  sales 
elements.  organizations. 


'Don't  you  know  that  you  can't  operate  a  projector  without  a 

license?" 

'I  found  out  that  I  couldn't  operate  it,  but  I  didn't  know  the 

reason  why." 
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Chains,  Belts  or  Gears? 


Sound  reproducers  and  projector  mech- 
anisms, and  sound  reproducers  and  take- 
ups  of  various  makes  and  models,  are 
coupled  together  by  either  chains,  belts  or 
gears,  while  some  projector  mechanisms 
even  use  a  combination  of  sprockets  and 
chains  instead  of  interlocking  gears. 

Each  of  the  three  methods  of  coupling 
has  its  champions  among  theatre  equip- 
ment manufacturers,  projectionists  and 
service  engineers,  so  that  an  examination 
of  all  methods  may  aid  in  determining 
which,  if  any,  method  is  superior  to  the 
others. 

Types  of  Chains 

Chains  fall  roughly  into  two  classifica- 
tions— the  so-called  "silent  chain"  and  the 
"roller  chain"  (the  latter  usually  termed  a 
bicycle  chain).     Experience  indicates  that 


the  "silent  chain"  is  superior  to  the  "bicycle 
chain"  type  for  use  in  projection  room 
equipment. 

"Silent  chains,"  have  obvious  advantages 
over  roller  chains.  Chief  among  them  are 
longer  life,  more  silent  performance,  no 
tendency  to  slip,  greater  flexibility  to 
cushion  shocks  and  but  slight  tendency  to 
stretch. 

The  long  wearing  quality  of  "silent 
chains"  is  well  indicated  by  the  fact  that 
in  several  thousand  installations  of  Mono- 
graph 75  00  sound  reproducers  made  in  the 
last  six  years,  there  have  been  no  sprocket 
or  chain  replacements  as  a  result  of  break- 
age or  wear. 

The  so-called  "bicycle  chains"  have 
proven  satisfactory  as  a  method  of  coupling 
sound  reproducer  and  take-up,  as  the  load 


Typical    sprockets    employed    in    silent    chains 
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is  relatively  light.  As  a  substitute  for  a 
gear  train  in  a  projector,  however,  the 
"bicycle  chain"  has  proven  unsatisfactory 
because  of  its  tendency  to  stretch,  which, 


value  as  a  substitute  for  a  gear  train,  but 
as  none  of  the  projector  manufacturers  who 
have  a  large  number  of  theatre  installations 
use    such    chains    within    projector    mech- 


A    silent   chain    drive 


of  course,  has  the  same  effect  on  machine 
performance  as  a  gear  train  with  consider- 
able back-lash.  The  use  of  "silent  chains" 
in  projector  mechanisms  themselves  has 
not  had  sufficient  trial   to  determine  their 


anisms,  it  would  seem  that  any  such  use  is 
not  likely  to  become  general. 

Trend  to  Silent   Chains 

There  is   unquestionably   a    trend   in    all 
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industry  to  couple  machinery  to  its  power 
source  by  means  of  "silent  chains"  instead 
of  gears  or  round  or  flat  belts. 

Many    projectionists    have    had     trouble 
with   belt  slippage  and   breakage   in  opera- 


tion, and  they  have  a  tendency  to  stretch 
which  causes  frequent  slippage.  Projection 
equipment  is  usually  over-oiled,  and  oil 
and  leather  just  don't  get  along,  which,  of 
course,  means  frequent  replacement  of  such 


r 


A  roller  or  "bicycle"  chain  drive 


tion,  and  consequently  there  has  been  built 
up  an  antipathy  against  belts  of  all  kinds. 
Invariably,  however,  this  dislike  can  be 
traced  to  the  old  sewing-machine  type  of 
round  leather  belt  indifferently  clipped  to- 
gether. (They  will  perform  reasonably 
well,  however,  if  kept  very  tight  over  their 
associated  pulleys). 

Round  leather  belts  have  not  proven 
overly  satisfactory  because  they  are  often 
too  long  at  original  or  replacement  installa- 


beli 


V    Belts 

The  V  belt  type  has  been  most  satis- 
factory in  all  applications  in  projection 
equipment,  but  even  the  V  belt  has  found 
some  enemies.  Reported  difficulties  with 
the  use  of  V  belts,  however,  usually  can  be 
traced  to  the  use  of  V  belts  with  pulleys 
designed  for  operation  with  round  belts. 
When    V    belts    are    utilized    with    pulleys 


DRIVES 


195 


actually  designed  tor  use  with  V  belts,  it 
has  been  found  that  they  will  work  ex- 
ceptionally well  in  power  transmission  or 
in  driving  take-ups.     V  belts  well  luted  to 


The  more  common  types  of  V  belts  in 
use  today  are  made  something  like  a  tough 
easing  of  an  automobile  tire.  Heavy  low- 
si  ret  eh     cords     impregnated     with     rubber 


Drive   side   of    Motiograph-Mirrophonic    7500    Reproducer,   showing   the   silent   chain 

coupling    of    the    reproducer    and    the    projector    mechanism,    as    well    as    the    round 

leather   belt   coupling   the    reproducer   and   the   lower   magazine   take-up 


associated  pulleys  are  even  more  silent  in 
operation  than  so-called  "silent  chains" 
and  are  much  less  costly  than  both  silent 
and  bicycle  type  chains. 


compound  form  their  center,  with  a  two- 
ply  rubberized  fabric  cover  on  all  sides.  V 
belts  grip  their  associated  pulleys  by  side 
pressure,  which  brings  about  firm  gripping 
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with  virtually  no  slippage.  Belts  of  this 
type  not  only  give  superior  performance, 
but  far  outwear  the  round  leather  type. 
Though  there  is  no  marked  tendency  to 
slip,  there  is  sufficient  flexibility  to  V  belts 
to  absorb  the  starting  shock  of  the 
motors. 

The    war    brought    a    new    development 
into    the   construction    of    V    belts,    which 


should  add  materially  to  their  life,  and 
forever  remove  any  tendency  to  stretch. 
This  new  development  is  the  utilization  of 
fine  steel  wires,  surrounded  by  a  rubber 
compound  as  a  center  for  the  V  belt,  the 
center  then  being  covered  with  a  two  or 
more  ply  rubberized  fabric.  Some  of  the 
synthetic  rubbers  which  will  undoubtedly 
be  utilized  are  also  unbelievably  resistant  to 
the  effects  of  oil. 


The  gear  side  of  the  Motiograph  "AA,"  with  guard  removed  to  show  drive 
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The  Sound  Reproducer 

An  Explanation  of  Its  functions 


By  R.  T.  VAN  NIMAN 

Chief  Sound  Engineer,  Motiograph 


In  modern  equipment,  the  sound  repro- 
ducer is  mounted  just  below  the  projector 
mechanism,  since  the  sound  for  the  scene 
before  the  light  source  is  located  on  the 
film  twenty  frames  (approximately  14^2 
inches)  in  advance  of  that  scene.  Its  major 
function  is  to  translate  the  sound  track's 
photographic  record  of  the  original  sound 
into  a  varying  electrical  current.  By  means 
of  the  sound  system's  amplification  appara- 
tus, this  current  is  used  to  control  much 
stronger  currents,  which  are  then  converted 
into  faithful  copies  of  the  original  sound 
by  the  theatre  sound  system's  loudspeaker 
equipment. 

Basis  of  Sound  Reproduction 

This  sound  producing  function  is  ac- 
complished by  passing  the  sound  track 
through  a  very  thin  beam  of  light  produced 
by  a  small  exciter  lamp  shining  through  a 
narrow  slit,  and  exactly  focused  on  the 
sound  track  with  small  lenses.  The  original 
steady  beam  of  light  is  varied  in  intensity 
by  the  alternating  light  and  dark  areas  com- 
prising the  sound  track,  and  the  resulting 
fluctuating  beam  of  light  is  then  passed  on 
by  means  of  lenses,  prisms  or  mirrors  to 
the  photoelectric  cell. 


In  most  modern  types  of  sound  repro- 
ducers this  process  may  be  observed  by 
removing  the  cover  from  the  photoelectric 
cell  and  watching  the  spot  of  light  on  its 
plate  while  film  is  passing  through  the  re- 
producer. In  those  reproducers  having  the 
film  carried  by  a  rotating  drum  at  the  point 
where  the  light  beam  strikes  the  sound 
track,  a  still  further  understanding  of  the 
process  may  be  gained  by  watching  the 
sound  track  as  it  passes  the  light  beam 
while  listening  to  the  sound  from  the  moni- 
tor loudspeaker.  In  this  manner  it  is  pos- 
sible to  observe  that  the  loudness  of  the 
reproduced  sound  depends  upon  the  de- 
gree of  contrast  between  the  light  and 
dark  sound  track  areas,  and  that  the  pitch 
or  frequency  of  the  sound  depends  upon 
the  rate  at  which  the  track  alternately  hin- 
ders or  permits  light  from  the  exciter  lamp 
to  pass  on  to  the  photocell.  In  effect,  the 
moving  sound  track  acts  as  a  shutter  which 
causes  the  beam  of  light  passing  through 
it  to  vary  in  a  manner  corresponding  to  the 
sound  waves  which  were  associated  with  the 
projected  scene  originally.  It  is  still  neces- 
sary, however,  to  convert  these  light  varia- 
tions into  variations  in  electrical  currents, 
and  then  to  convert  these  current  variations 
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into  sound  waves  by  means  of  loudspeakers 
before  there  is  actually  any  sound  to  hear. 

Photoelectric   Cells 

The  first  of  these  conversions  is  accom- 
plished in  the  photoelectric  cell  of  the  sound 
reproducer.  Photoelectric  cells  as  used  in 
sound  reproducers  are  electronic  devices 
which  change  their  internal  resistance  to 
the  flow  of  electrical  currents  through  them 
when  exposed  to  light.  The  photocell  may 
be  thought  of  as  a  light-operated  electrical 
valve.  If  a  lot  of  light  falls  on  the  cell,  a 
lot  of  current  flows  through  it,  while  if  less 
light  falls  on  the  cell,  the  current  falls  off. 
These  current  variations  therefore  faith- 
fully follow  the  variations  in  the  amount  of 
light  reaching  the  cell.  The  exact  processes 
through  which  the  photocell  brings  about 
these  results  are  somewhat  complex,  involv- 
ing rather  advanced  principles  of  electrical 
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physics,  and  no  attempt  will  be  made  to  go 
into  them  in  this  article.  For  our  purposes 
it  must  suffice  to  say  that  from  the  photo- 
cell onward  we  have  our  record  of  the 
original  sound  waves  in  the  form  of  a  vary- 
ing light  current. 

Unfortunately,  this  current  is  exceeding- 
ly weak,  in  the  order  of  a  few  millionths 
of  an  ampere  (the  conventional  unit  for 
measuring  electrical  currents).  It  is  not 
strong  enough  to  operate  loudspeakers,  and 
circuits  carrying  it  must  be  very  carefully 
shielded  and  insulated  to  prevent  loss  of 
the  current  or  the  pickup  of  noise  or  hum 
from  other  electrical  circuits  and  apparata 
in  the  projection  room.  To  secure  a  current 
which  varies  in  the  same  manner,  but  is 
strong  enough  to  operate  loudspeakers,  the 
weak  photocell  current  is  used  as  a  control 
source  for  vacuum  tube  amplifiers  capable 
of  producing  the  required  stronger  cur- 
rent. The  functions  and  operation  of  these 
devices,  and  of  loudspeakers,  will  be  cov- 
ered in  subsequent  articles,  since  the  pres- 
ent discussion  is  limited  to  the  function  and 
operation  of  the  sound  reproducer. 

In  addition  to  the  major  function  of  pro- 
ducing a  varying  electrical  current  cor- 
responding to  the  photographic  sound  rec- 
ord on  the  film,  most  modern  sound  repro- 
ducers perform  several  other  mechanical 
functions  as  well  in  the  complete  sound 
motion  picture  projection  apparatus.  They 
provide  a  support  for  the  projector  mech- 
anism, and  the  lower  film  magazine  is 
usually  fastened  to  the  under  side  of  the 
sound  reproducer.  It  is  customary,  also,  to 
associate  the  driving  motor  for  the  pro- 
jector with  the  sound  reproducer,  and  to 
couple  the  reproducer  to  the  projector 
mechanism  by  means  of  gears  or  silent  link 
chains,  since  it  is  obviously  necessary  that 
they  run  at  exactly  the  same  rate  of  film 
speed.  In  many  modern  reproducers  the 
power  needed  to  operate  the  film  takeup 
mechanism  in  the  lower  magazine  is  sup- 
plied by  means  of  belts  or  chains  from  one 
of   the  reproducer  shafts. 
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Uniformity  of  Film  Speed 

In  the  foregoing  discussion  many  impor- 
tant details  regarding  the  function  and 
operation  of  the  sound  reproducer  have 
been  intentionally  passed  over  in  order  to 
give  a  clearer  overall  picture  of  the  device. 


film  speed  variation  at  this  point  will  cause 
the  pitch  to  be  unsteady — rapid  variations 
such  as  might  be  caused  by  the  film  stick- 
ing to  worn  or  rough  sprocket  teeth  result 
in  "flutter,"  and  the  sound  is  rough  and 
gargly.      Slower    variations    such    as    those 
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Photo-diagram  of  Motiograph-Mirrophonic  De  Luxe  SH-7500  Rotary  Stabilizer 
Reproducer,   indicating  various   components   mentioned   in   this   article 


With  the  basic  principles  and  operation 
established,  a  few  of  these  can  now  be 
touched  upon  to  round  out  the  discussion. 
Since  the  pitch  or  frequency  of  the  re- 
produced sound  depends  upon  the  rate 
at  which  the  sound  track  varies  the  inten- 
sity of  the  steady  beam  of  light  from  the 
exciter  lamp,  it  will  be  evident  that  the 
film  motion  at  the  point  where  this  beam 
passes  through  the  sound  track  must  be  as 
nearly  uniform  as  possible  if  the  reproduced 
sound  is  to  be  exactly  like  the  original.  Any 


resulting  from  drive  motor  speed  varia- 
tions, or  defects  in  mechanical  filtering  de- 
vices, cause  "drift"  or  "wow,"  since  they 
occur  at  a  slow  enough  rate  for  the  ear  to 
perceive  the  individual  departures  from 
steady  pitch. 

Early  reproducers  depended  upon  heavy 
flywheels  attached  to  the  sound  sprocket 
shaft  for  the  required  smoothing  or  filter- 
ing action,  and  the  film  was  supported  at 
the  track  scanning  point  by  being  pulled 
over    either    straight    or    curved     polished 
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metal  supports  called  "apertures"  because 
they  contained  an  opening  at  the  appropri- 
ate point  for  the  light  to  pass  through  on 
its  way  to  the  photocell.  While  the  per- 
formance obtained  with  this  arrangement 
was  very  good,  particularly  where  all  the 
components    were    carefully    and    ruggedly 


inner  flywheel   coupled   to   the  outer  shell 
only  by  means  of  a  suitable  liquid. 

Associated  with  the  film  supporting 
drum  there  is  usually  a  freely  running 
auxiliary  padded  roller  to  hold  the  film 
firmly  against  the  drum  and  to  provide 
lateral  guiding  action  to  properly  align  the 


it 


MOTIOGRAP 

SH  2*7* 


Exciter  lamp    (left)    and   photoelectric 


made,  and  were  kept  in  good  adjustment,  a 
considerably  different  and  improved  film 
moving  and  mechanical  filtering  system  is 
used  in  the  more  modern  reproducers. 

The  Rotary  Stabilizer 

In  modern  systems  the  film  is  supported 
at  the  scanning  point  by  a  smooth  faced 
drum  affixed  to  a  freely  rotating  shaft  car- 
rying on  its  opposite  end  a  medium  size  fly- 
wheel. The  flywheel  is  hollow,  and  inside 
it,   supported   by  ball  bearings,  is  a  heavy 


cell,   as  employed   in  sound  reproducers. 

sound  track  with  the  beam  of  light  from 
the  exciter  lamp.  The  whole  assembly, 
including  the  auxiliary  roller,  is  rotated  by 
the  film  itself,  and  thus  has  no  mechanical 
connection  to  other  moving  parts  of  the 
reproducer  except  by  way  of  the  film.  In 
threading  film  into  the  reproducer,  suffi- 
cient slack  is  allowed  to  permit  the  loose- 
ness on  either  side  of  the  film  carrying 
drum  to  isolate  the  film  at  the  scanning 
point  from  nearly  all  of  the  disturbances 
caused  by  sprocket  teeth  entering  and  leav- 
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ing  the  film  perforations.  The  absence  of 
direct  mechanical  connection  effectively  iso- 
lates the  rotation  of  the  film  carrying  drum 
from  disturbances  originating  in  other 
mechanical  parts  of  the  reproducer,  and 
this,  plus  the  smoothing  and  stabilizing 
action  of  the  compound  flywheel,  results  in 
an  evenness  of  motion  at  the  scanning  point 
entirely  adequate  for  excellent  reproduction 
of  the  recorded  sound.  Film  moving  sys- 
tems of  this  kind  are  variously  known  as 
"rotary  stabilizer"  or  "kinetic  scanner" 
types.  The  Motiograph  Model  SH-7S00 
Mirrophonic  Reproducer,  and  the  Northern 
Electric    Company    TA-75  00    Reproducer 


incorporate  this  type  of  film  moving  sys- 
tem, and  the  exceptional  performance  of 
these  reproducers  is  evidence  of  the  effec- 
tiveness of  the  system. 

Control  of  Light  Beam 

In  an  early  paragraph  it  was  noted  that 
the  pitch  or  frequency  of  the  sound  depends 
upon  the  rate  at  which  the  moving  sound 
track  interrupts  the  beam  of  light  from  the 
exciter  lamp  to  the  photocell.  Since  the  film 
moves  at  a  constant  speed  of  ninety  feet 
per  minute,  or  one  and  one-half  feet  per 
second,  this  means  that  for  high  pitched 
sound  the  alternating  light  and  dark  areas 
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LENS  AND  SLIT  ASSEMBLY 


Fluctuating  light  beam  after  passing  through  sound  track 


O.C.  FROM  EXC  LAMP  POWER  SUPPLY 


LENS  AND  MIRRORS  TO 
DIRECT  LIGHT  TO  PHOTO  CELL 


light  sensitive  plate  emits  electrons) 


RELAY  LENS  TO  FOCUS 
LIGHT  ON  PHOTO  CELL 


D.C.  VOLTAGE 


ANODE    (collector  for  electrons  emitted  by  cathode) 


Signal  voltage 


Coupling  resistance 


Shielded  lead    (coaxial  cable)  carrying  signc 
voltage   to    amplifier  system 


Current  through  photo  cell  (fluctuating  in  accordance  with 
light  beam  intensity  variations)  flows  through  coupling 
resistance,  thus  developing    signal   voltage   varying    in 


SCHEMATIC  DIAGRAM  OF  OPTICAL  AND  ELECTRICAL 
SYSTEMS  IN  SH-7500  MIRROPHONIC  REPRODUCER 
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in  the  sound  track  must  be  very  close  to- 
gether. Therefore,  if  the  beam  of  light  is  to 
be  varied  exactly  in  accordance  with  the 
variations  photographed  on  the  sound 
track,  the  beam  must  be  no  thicker  than 
the  most  closely  spaced  light  and  dark  areas 
in  the  sound  track. 

The  thin  beam  of  light  can  be  produced 
in  various  ways.  One  optical  system  used 
in  many  old  style  reproducers  started  off 
with  an  exciter  lamp  having  a  single  fine 
wire  as  a  filament.  The  actual  image  of  this 
filament  itself  was  focused  on  the  sound 
track,  reduced  in  size  by  special  lenses 
mounted  in  a  small  barrel.  The  more  mod- 
ern reproducers  use  an  optical  system  some- 
what less  likely  to  be  affected  by  imper- 
fections in  exciter  lamp  structure  and  sag- 
ging of  the  lamp  filament  with  age.  In  these 
the  lamp  filament  is  a  fairly  heavy  coiled 


spring.  Light  from  this  source  strongly 
illuminates  a  very  narrow  knife-edge  slit 
assembly  usually  located  within  the  same 
barrel  which  supports  the  associated  lenses 
for  focusing  an  image  of  this  illuminated 
slit  on  the  film  sound  track.  With  this  ar- 
rangement the  lenses  and  slit  can  be  sealed 
against  the  harmful  effects  of  dirt  and  oil, 
and  since  the  dimensions  of  the  light  beam 
are  established  by  the  fixed  slit,  even  gross 
defects  in  exciter  lamp  structure  have  little 
effect  on  the  sound  quality. 

Some  idea  as  to  the  thinness  of  the  light 
beam  necessary  for  good  reproduction  of 
the  higher  pitched  sounds  may  be  gained 
from  the  fact  that  the  edges  of  the  slit 
through  which  the  beam  passes  are  only 
about  one  one-thousandth  of  an  inch  apart, 
and  the  various  lenses  reduce  the  thickness 
of    the    slit    image    focused    on    the    sound 
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Variable  density  sound  track. 

One  of  the  two  basic  types  of  film 
sound  tracks.  The  amount  of  light  reach- 
ing the  photo  cell  from  the  exciter  lamp 
is  varied  by  the  density  of  the  track. 


Variable    area    sound    track. 

The  amount  of  light  is  varied  by  the 
changing  relationship  of  the  opaque  and 
clear  areas  of  the  sound  track. 

There  are  a  number  of  modifications  of 
the  two  basic  types  of  sound  tracks  shown. 
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track  still  further. 

Optical  systems  for  use  with  rotary 
stabilizer  type  film  moving  systems  also 
include  suitable  masks  inside  the  slit  and 
lens     assembly      (commonly     called     "slit 


each  sprocket  hole  or  frame  line  goes  by, 
reaches  the  photocell,  very  disturbing  noises 
in  the  reproduced  sound  will  be  heard.  In 
older  types  of  reproducers,  where  the  film 
was    pulled    over    a    fixed    support    at    the 


Motiograph-Mirrophonic  De  Luxe  SH-7500  Reproducer,  showing  proper  threading 

of   film. 


lens,"  "lens  tube,"  "optical  unit,"  etc.)  to 
limit  the  width  of  the  beam  to  the  amount 
which  will  just  adequately  cover  the  width 
of  the  sound  track.  If  the  beam  is  too 
wide,  or  if  the  track  is  poorly  aligned  with 
the  beam,  some  of  the  light  will  pass 
through  either  the  sprocket  holes  of  the 
film  or  the  black  cross  lines  which  mark 
off  the  individual  picture  frames.  If  this 
stray    light,    which    varies    in    intensity    as 


scanning  point,  the  width  limiting  func- 
tion was  frequently  taken  care  of  by  mak- 
ing the  hole  or  aperture  in  this  support  just 
wide  enough  to  pass  the  desired  light 
through  to  the  photocell. 

Direct  Current  Preferable 

Throughout  this  discussion  the  beam  of 
light  from  the  exciter  lamp  has  been  re- 
ferred to  as  "steady,"  that  is  to  say,  con- 
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stant  in  intensity  until  after  the  time  it 
passes  through  the  moving  sound  track. 
Unfortunately,  it  can  only  be  so  if  the  elec- 
tric current  flowing  through  the  exciter 
lamp  filament  to  heat  it  to  incandescence  is 
likewise  steady.  If  this  current  fluctuates 
in  strength,  the  filament  temperature  and 
therefore  the  amount  of  light  it  produces 
also  vary,  and  if  these  variations  take  place 
at  a  rate  within  the  range  of  vibrations  the 
ear  can  hear,  an  audible  hum  will  be  repro- 
duced in  the  sound  system  output  along 
with  the  wanted  sounds. 

For  various  reasons  which  do  not  con- 
cern us  in  the  present  discussion,  the  elec- 
tric power  supply  in  the  great  majority  of 
localities  is  of  the  alternating  current 
variety — that,  is,  the  currents  in  circuits 
connected  to  these  supplies  flow  first  in  one 
direction,  then  decrease  to  zero,  and  then 
flow  in  the  opposite  direction,  with  this 
process  repeated  many  times  per  second.  In 
the  case  of  the  60  cycle  power  supplies 
common  in  the  United  States,  there  are  60 
such  reversals  each  second.  When  current 
of  this  type  is  used  to  heat  the  filaments  of 
reproducer  exciter  lamps,  the  filament  thus 
heats  and  cools,  not  60  times  per  second, 
but  120  times  per  second,  for  the  direction 
in  which  the  current  flows  makes  no  differ- 
ence in  the  amount  of  heat,  and  conse- 
quently in  the  amount  of  light  produced. 

Fortunately,  this  heating  and  cooling  ef- 
fect is  not  pronounced,  particularly  if  the 
exciter  lamp  filament  is  made  heavy  and 
rugged  so  that  considerable  heat  energy  is 
stored  to  maintain  the  temperature  when 
the  current  falls  to  zero.  Many  low  cost 
sound  systems  do  use  alternating  current 
for  exciter  lamp  operation  with  reasonably 
satisfactory  results,  but  virtually  all  of  the 
better  quality  systems  employ  auxiliary  de- 
vices, such  as  rectifiers  or  motor-generators, 
to  change  the  alternating  current  power 
supply  to  the  steady  direct  variety  which 
flows  always  in  the  same  direction.  When 
this    type  of   current   is   used   to  heat   the 


exciter  lamp's  filament,  the  light  beam  can 
truly  be  called  "steady,"  and  there  is  prac- 
tically no  hum  in  the  sound,  even  when 
the  full  beam  reaches  the  photocell. 

Photocell  Voltage 

The  present  discussion  may  be  closed — 
and  a  groundwork  laid  for  subsequent  ar- 
ticles on  amplifiers — by  a  brief  considera- 
tion of  the  commonly  used  electrical  cir- 
cuits associated  with  the  photocell  of  the 
sound  reproducer.  To  establish  a  current 
through  the  photocell  it  is  necessary  to  con- 
nect it  with  a  source  of  electrical  potential 
or  voltage  of  the  order  of  ninety  volts.  In 
the  old  days,  this  voltage  was  obtained  from 
the  familiar  radio  "B"  batteries,  since  it 
must  be  absolutely  free  from  alternating 
voltages  of  any  kind  if  hum  and  noise 
pickup  is  to  be  avoided.  With  the  advent 
of  better  designed  amplifiers  using  well  fil- 
tered rectifier  type  power  supplies,  it  be- 
came possible  to  supply  the  needed  photo- 
cell voltage  directly  from  the  amplifier  cir- 
cuits, and  all  modern  sound  systems  are  ar- 
ranged in  this  manner.  Connections  are 
made  so  that  the  weak  current  which  flows 
through  the  photocell  also  flows  through 
some  sort  of  a  coupling  device.  This  may 
be  a  suitable  transformer  which  will  pass 
on  to  the  amplifier  system  small  electrical 
voltages  varying  in  magnitude  in  just  the 
same  manner  as  does  the  weak  photocell 
current  when  the  cell's  internal  resistance 
is  changed  by  the  varying  light  beam  fall- 
ing on  its  plate,  or  such  voltages  (common- 
ly referred  to  as  "signal  voltages")  may  be 
developed  by  causing  the  photocell  current 
to  flow  through  a  simple  coupling  resis- 
tance. The  varying  photocell  current  caus- 
es the  voltage  across  this  coupling  resistance 
to  change  in  exactly  the  same  manner,  and 
this  voltage  can  then  be  used  to  control 
the  action  of  the  series  of  amplifiers  needed 
to  produce  currents  sufficiently  strong  to 
operate  loudspeakers. 
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Theatre  Amplifiers 


I.  Circuit  and  Electronic  Tube  Principles 


By  R.  T.  VAN  NIMAN 


As  the  subject  of  amplifiers  is  far  too 
lengthy  to  be  covered  in  a  single  article, 
we  shall  begin  by  discussing  a  few  of  the 
elementary  electrical  circuit  principles  and 
electronic  tube  principles  essential  to  an 
understanding  of  how  amplifiers  function. 

Electric  Currents 

Electric  currents  are  the  motion  of  elec- 
trons, the  elementary  electrical  particles 
which  are  the  basis  for  all  kinds  of  matter 
in  our  physical  universe.  In  materials 
which  are  good  conductors  of  currents  the 
electrons  are  thought  of  as  being  relatively 
free  to  move;  in  non-conductors,  or  insu- 
lators, they  are  more  firmly  held  in  the 
electron  groups  constituting  the  atoms  and 
molecules  of  the  particular  substance,  and 
it  is  hence  difficult  to  establish  an  electrical 
current  through  these  materials.  Inside 
electronic  tubes,  currents  consist  of  streams 
of  free  electrons  moving  between  and 
through  the  various  internal  structures 
known  as  the  "elements"  of  the  tube. 

Moving  currents  of  electrons  always  en- 
counter  some   resistance    to    their    flow   in 


much  the  same  manner  that  water  moving 
through  a  pipe  is  impeded  by  friction  be- 
tween the  water  particles  and  between 
water  and  pipe.  As  in  the  case  of  the  mov- 
ing fluid,  some  of  the  energy  represented 
by  the  current  is  converted  into  heat  en- 
ergy. If  the  material  through  which  the 
current  flows  happens  to  be  a  poor  electri- 
cal conductor,  a  great  deal  of  heat  may  be 
produced. 

Electrical  Units 

One  of  the  basic  facts  about  electrical 
circuits  is  that  no  current  flow  can  be  set 
up  unless  there  is  a  difference  of  electrical 
potential,  or  voltage,  along  the  circuit. 
This  quantity  roughly  corresponds  to 
"pressure"  in  fluids,  and  the  fluid  rate  of 
flow  corresponds  to  the  size  of  the  electri- 
cal current  flow  through  the  conductors 
making  up  the  circuit.  Electrical  pressures 
are  measured  in  units  called  "volts,"  and 
the  rates  of  flow  are  measured  in  units 
called  "amperes."  The  electrical  power 
represented  by  a  given  current  flow  is 
measured  in  other  units  called  "watts." 
Since   power   is   broadly   the   ability   to   do 
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work,  it  will  be  evident  that  for  any  par- 
ticular power  we  may  have  a  small  current 
at  high  pressure  or  voltage,  or  a  large  cur- 
rent at  some  lower  value  of  voltage.  As  a 
matter  of  fact,  in  a  circuit  where  the  cur- 
rent flow  remains  steady  (a  "direct"  cur- 
rent circuit)  the  power  in  watts  is  exactly 
equal  to  the  product  of  the  voltage  and  of 
the  current  measured  in  amperes. 
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Photoelectric  cell  as  employed  in  sound 
reproducers. 


One  other  electrical  unit,  and  its  rela- 
tionship to  the  others  just  mentioned,  must 
be  discussed.  This  is  the  electrical  unit  of 
resistance  to  the  flow  of  the  electron  stream, 
the  "ohm."  In  many  respects  there  is  a 
remarkable  correspondence  between  elec- 
trical resistance  and  the  friction  which  is 
present  in  all  kinds  of  mechanical  appa- 
ratus.    As    was    mentioned    in    a    preceding 


paragraph,  it  opposes  the  current  flow,  and 
in  so  doing,  converts  part  of  the  electrical 
energy  into  heat  energy  just  as  mechanical 
friction  converts  some  of  the  kinetic  energy 
represented  by  moving  objects  into  heat. 

The  relationship  between  electrical  re- 
sistance and  the  voltage  and  current  in  an 
electrical  circuit  is  expressed  by  Ohm's 
Law,  which  states  that  in  all  circuits,  or 
parts  of  circuits,  the  amount  of  current 
flowing  is  directly  proportional  to  the 
amount  of  electrical  pressure  or  voltage 
which  is  present,  and  is  inversely  propor- 
tional (that  is,  decreases  as  resistance  in- 
creases) to  the  resistance  present  in  the 
circuit  or  part  of  a  circuit.  This  statement 
is  strictly  true  for  direct  current  circuits 
where  the  current  flow  does  not  fluctuate 
in  either  magnitude  or  direction,  and  is 
also  true  in  alternating  current  circuits  if 
the  term  "resistance"  is  broadened  to  in- 
clude several  effects  which  appear  only 
when  the  current  flow  is  not  constant  in 
amount  and  direction.  The  statement  can 
be  turned  around  and  inside  out  to  produce 
the  equally  true,  and  very  useful  one,  which 
states  that  in  any  circuit,  or  part  of  a  cir- 
cuit, the  voltage  which  appears  across  the 
terminals  of  a  resistance  is  directly  propor- 
tional to  both  the  magnitude  of  the  cur- 
rent flowing  through  the  resistance  and  to 
the  value  of  the  resistance  measured  in 
ohms. 

Electronic  Tubes 

Electronic  tubes  control  the  flow  of  elec- 
tric current  in  a  circuit  much  as  a  valve 
controls  the  flow  of  water  in  a  pipe.  As  is 
evident  from  the  diagrams,  they  get  the 
electron  flow  outside  the  boundaries  of  the 
conductor  so  that  it  is  enormously  more 
subject  to  control  action.  The  action  is 
extremely  rapid,  approaching  the  speed  of 
light,  and  also  extremely  sensitive,  so  that 
very  small  amounts  of  energy  can  be  used 
to  control  relatively  very  large  currents 
inside  the  tubes.  In  some  tubes  the  elec- 
tron flow  is  influenced  by  light  falling  upon 
one   of    the    tube    elements — these    are   the 
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photoelectric  cells  used  in  sound  repro- 
ducers. Amplifier  tubes  have  elements 
called  grids  to  control  the  electronic  action, 
and  rectifier  tubes  function  because  tubes 
are  fundamentally  incapable  of  passing 
current  except  in  the  direction  where  the 
electron  flow  is  from  the  tube  cathode  to 
its  anode.  All  tubes  must  have  terminals 
for  connections  to  external  circuits,  and 
glass  or  metal  envelopes  from  which  the 
air  can  be  exhausted  to  produce  the  con- 
ditions necessary  for  the  establishment  of 
the  electron  flow,  and  to  prevent  the  metal 
parts  from  burning,  or  oxidizing  when 
heated. 


negative  values,  current  flows  only  during 
the  intervals  when  the  voltage  is  positive. 

By  using  two  of  these  rectifier  tubes,  or 
one  tube  containing  two  sets  of  elements. 
it  is  possible  to  arrange  external  circuits 
so  that  the  resulting  two  pulsating,  but 
uni-directional  currents  are  combined  into 
one  relatively  steady  current.  By  means  of 
electrical  devices  called  filters  the  pulsa- 
tions can  be  smoothed  out  so  that  for  all 
practical  purposes  the  current  becomes 
identical  to  the  direct  variety,  and  hence 
suitable  for  all  of  the  uses  which  would 
otherwise  require  the  use  of  storage  or  dry 


Rectifier-type  Electronic  Tubes 

The  simplest  type  of  electronic  tube  us- 
ually encountered  in  motion  picture  sound 
equipment  is  the  two  element  kind  used 
for  the  conversion  of  alternating  current  to 
the  direct  variety  needed  at  various  places 
in  the  equipment.  One  of  the  elements 
(the  "cathode")  is  a  structure  either  heated 
directly  by  passing  a  current  through  it,  or 
heated  indirectly  by  being  placed  close  to 
an  auxiliary  heating  coil  (the  "heater"). 
The  cathode  is  made  from  one  of  the  many 
materials  which  emit  veritable  clouds  of 
electrons  under  the  influence  of  heat.  Near 
this  element  is  placed  another  in  the  form 
of  a  conducting  plate  or  a  cylinder  sur- 
rounding the  first  element.  Now,  if  a 
source  of  voltage  is  connected  to  the  two 
elements,  current  will  flow  through  the 
tube  and  the  external  circuit  so  long  as  the 
potential  of  the  plate  with  respect  to  the 
cathode  (the  electron  emitting  structure)  is 
maintained  at  some  positive  value,  for  the 
electrons,  which  have  a  negative  charge  by 
nature,  are  continuously  attracted  to  the 
positively  charged  plate.  If  the  plate  po- 
tential becomes  negative,  the  electron 
stream  is  repelled  back  to  the  cathode,  and 
no  current  flows.  In  other  words,  the  de- 
vice acts  as  an  electrical  valve  which  per- 
mits current  to  flow  in  one  direction  only. 
If  the  plate  voltage  with  respect  to  the 
cathode    alternates    between    positive    and 


The  electronic  tube  breaks  the  conductor 

and    leaves    an    open    space    across    which 

the    electrons    must    pass. 
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batteries.  The  power  units  used  in  Motio- 
graph  and  others  of  the  better  motion  pic- 
ture sound  systems  for  reproducer  exciter 
lamp  and  loudspeaker  unit  field  operation 
are  rectifier-filter  combinations  of  this  sort, 
and  all  amplifier  systems  include  them  to 
supply  the  direct  currents  and  potentials 
needed  for  the  proper  functioning  of  the 
various  amplifier  tube  circuits. 


affect  the  electron  stream  if  their  potentials 
with  respect  to  the  cathode  are  varied  only 
slightly.  This  is  the  basic  reason  why  the 
electronic  tube  can  be  used  as  an  amplify- 
ing device;  a  very  small  alternating  voltage 
applied  between  the  control  grid  and  the 
cathode  will  cause  proportionately  very 
large  changes  in  the  magnitude  of  the  elec- 
tron stream  (usually  called  the  "plate  cur- 
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CATHODE 


SYMBOL 


SYMBOL 


The  heater    (left)    and  the  cathode,  with  their  respective  symbols. 


Electronic  Tubes  as  Amplifiers 

Amplifier  tubes  operate  in  a  quite  differ- 
ent manner  than  rectifier  tubes,  though 
they  also  have  a  heated  cathode  to  emit  a 
stream  of  electrons  and  a  plate  element  to 
collect  them.  In  these  tubes,  however,  the 
plate  is  continuously  maintained  at  a  posi- 
tive potential  with  respect  to  the  cathode 
by  an  external  D.C.  voltage  source.  They 
differ,  moreover,  in  having  in  addition  to 
a  cathode  and  a  plate  element  one  or  more 
wire  grid-like  structures  interposed  in  the 
path  of  the  electron  stream  between  the 
cathode  and  the  plate. 

These  grid  structures,  and  particularly 
the  one  closest  to  the  cathode,  have  the 
unique  property  of  being  able  to  radically 


rent"),  and  within  certain  limits  estab- 
lished by  the  tube  characteristics  and  ex- 
ternal circuit  conditions,  these  plate  current 
variations  will  be  exact  copies  of  the  vari- 
ations in  the  grid  voltage.  The  total  plate 
current  may  be  considered  to  be  a  combi- 
nation of  the  steady  current  which  would 
flow  if  the  grid  voltage  stayed  at  its  average 
value,  and  an  alternating  component  caused 
by  the  effect  of  the  alternating  grid  voltage 
on  the  electron  stream.  It  is,  of  course,  the 
alternating  component  which  is  of  value, 
and  there  arc  various  means  for  using  it 
either  directly  or  to  develop  a  voltage 
which  can  be  used  to  control  other  ampli- 
fier stages  where  the  required  amplification 
is  greater  than  can  conveniently  be  realized 
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in  a  single  tube. 

Other  Circuit  Elements 

In  addition  to  electronic  tubes,  amplifier 
circuits  contain  four  major  types  of  elec- 
trical apparatus,  resistors,  condensers,  in- 
ductive reactors  (commonly  called  "choke 
coils"  or  "retard  coils")  and  transformers. 
Resistors  are  merely  lumped  quantities  of 


The  other  three  types  of  apparatus  have 
to  do  with  alternating  current  circuits,  or 
with  direct  current  circuits  carrying  alter- 
nating components  such  as  the  filter  and 
electronic  tube  circuits  previously  men- 
tioned. Inductive  reactors  and  transform- 
ers involve  electromagnetic  as  well  as  elec- 
trical principles,  and  they  will  hence  be 
considered  together. 


ANODE    (PLATE) 
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The   anode  or  plate,  and  a  typical   grid. 


some  material  having  considerable  resist- 
ance to  the  flow  of  current,  such  as  carbon, 
certain  metals  and  alloys,  and  various  kinds 
of  compounds.  As  used  in  audio  ampli- 
fiers for  motion  picture  sound  systems,  they 
are  characterized  by  having  substantially 
the  same  resistance  to  the  flow  of  both  al- 
ternating and  direct  currents,  and  they 
range  in  value  from  just  a  few  ohms  to 
several  million  ohms  ("megohms")  resist- 
ance. In  circuit  positions  where  little 
power  is  involved,  resistors  can  be  very 
small  in  physical  dimensions;  in  other 
positions  where  power  is  greater,  resistors 
may  be  quite  large  in  order  to  dissipate  the 
heat  resulting  from  the  current  flow. 


How  Condensers  Operate 

About  the  easiest  way  to  gain  some  un- 
derstanding of  the  action  of  condensers  in 
electrical  circuits  is  to  compare  the  con- 
denser to  a  partitioned  box  connected  into 
a  water  pipe  line.  The  partition  may  be 
considered  to  be  made  from  stretched  rub- 
ber sheeting,  and  it  thus  prevents  the  con- 
tinuous flow  of  water  through  the  pipe  line. 
It  does  not,  however,  prevent  the  water 
from  surging  back  and  forth  in  the  line, 
for  the  partition  will  bulge  whenever  the 
pressure  on  one  side  is  greater  than  on  the 
other.  If  the  pressure  is  continuous  on  one 
side,  water  flows  into  the  box  until  the 
bulging    partition    exerts    a    back    pressure 
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equal  to  that  in  the  line.  The  larger  the 
box,  the  more  water  must  flow  in  to  cause 
the  back  pressure  to  equal  that  in  the  line. 
Electrical  condensers  operate  in  much 
the  same  manner.  They  consist  of  metal 
plates  or  sheets  separated  by  some  kind  of 
an  insulating  medium  such  as  air,  waxed 
paper  or  mica.  There  can  be  no  continuous 
flow  of  current  through  the  device  because 
of  the  presence  of  this  insulating  medium. 


electrical  unit  called  a  "farad,"  and  de- 
pends both  upon  the  area  of  the  plates  and 
inversely  upon  the  thickness  of  the  insu- 
lating material  which  separates  them.  The 
farad  is  a  very  large  unit,  and  condensers 
used  in  sound  equipment  are  hence  usually 
rated  in  microfarads,  or  millionths  of  a 
farad.  The  quality  and  thickness  of  the 
insulating  material  determine  the  amount 
of  electrical  pressure,  or  voltage,  the  con- 
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The    terminals    and    the    envelope    of    the    electronic    tube. 


If  an  electrical  potential  is  applied  across 
the  plates,  however,  there  will  be  an  elec- 
tron flow  onto  one  plate  and  off"  the  other 
until  the  resulting  electrical  charge  caused 
by  the  accumulating  electrons  exerts  a 
back  potential  equal  to  that  applied.  If  the 
applied  potential  is  now  reversed  in  direc- 
tion or  polarity,  the  electron  flow  reverses, 
and  the  condenser  charges  up  in  the  op- 
posite direction.  It  may  thus  be  seen  that 
the  condenser  permits  the  flow  of  alternat- 
ing currents  in  the  circuit  in  which  it  is 
connected,  but  prevents  the  flow  of  con- 
tinuous or  direct  currents. 

The  capacity  of  a  condenser  for  storing 
up    electrical    charges    is    measured    by    an 


denser  will  withstand  without  sparking 
over  between  the  plates,  and  condenser 
ratings,  therefore,  usually  specify  this  volt- 
age. For  example,  the  main  filter  condens- 
ers in  Motiograph's  new  type  75 0  5 -A  Am- 
plifiers have  two  eight  microfarad  sections 
per  unit,  each  rated  for  use  in  45  0  volt 
circuits.  The  actual  circuit  voltage  is  only 
3  50  volts,  so  it  is  apparent  that  the  ampli- 
fier design  allows  for  a  very  liberal  margin 
for  safety. 

Impedance  and  Reactance 

The  impedance  a  condenser  offers  to  the 
flow  of  alternating  current  through  it  de- 
pends upon  the  capacity  of  the  condenser 
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and  upon  the  frequency  of  the  current  al- 
ternations. The  term  "impedance"  includes 
the  effects  of  the  ordinary  electrical  resist- 
ance encountered  in  all  conductors,  and 
also  the  effect  of  another  quantity  called 
"reactance"  which  appears  only  in  alter- 
nating current  circuits.  Some  idea  of  the 
physical  significance  of  these  terms  may  be 
gained  by  going  back  to  the  water  pipe 
analogy  and  making  the  unlikely  assump- 
tion that  there  is  some  good  reason  for 
having  the  water  rushing  back  and  forth 
through  the  pipe  and  the  partitioned  box. 
It  will  be  seen  that  if  the  box  is  large  and 
if  the  partition  is  capable  of  stretching  a 
considerable  distance  in  each  direction,  the 
surging  water  currents  will  not  be  greatly 
impeded  by  the  presence  of  the  box  in  the 
line.  If  the  box  is  small,  or  if  the  parti- 
tion is  relatively  stiff,  the  surges  in  each 
direction  will  be  limited  in  magnitude,  and 
the  box  may  be  said  to  offer  considerable 
impedance  to  the  flow  of  the  current  surges. 
For  a  box  of  fixed  characteristics  this  im- 
pedance will  be  less  if  the  surges  take 
place  rapidly,  for  at  a  more  rapid  rate  there 
will  be  a  greater  volume  of  water  per  unit 
oi  time  going  into  and  out  of  the  box.  This 
limiting  effect,  or  "reactance,"  causes  no 
loss  of  the  energy  represented  by  the  mov- 
ing water,  but  merely  limits  the  magni- 
tudes of  the  surges.  There  is,  of  course, 
still  the  energy  loss  caused  by  the  friction 
of  the  water  against  the  sides  of  the  box, 
and  loss  caused  by  internal  friction  in  the 


stretching  partition.  The  total  impedance 
offered  by  the  box  to  the  water  currents 
is  a  combination  of  these  energy  losses  and 
the  limiting  effect,  or  reactance. 

Relative  Effects  of  Currents 

This  analogy  holds  reasonably  well  for 
condensers  in  alternating  current  electrical 
circuits.  If  the  condenser  capacity  is  large, 
or  if  for  a  condenser  of  certain  capacity 
the  frequency  of  the  alternating  current  is 
relatively  high,  the  impedance  of  the  con- 
denser to  the  flow  of  the  current  will  be 
relatively  low,  and  the  alternating  current 
in  the  circuit  may  be  nearly  the  same  as  if 
the  condenser  were  not  present.  Direct 
currents,  however,  will  of  course  be  blocked 
off  by  the  presence  of  the  condense.-.  For 
condensers  of  relatively  low  capacity  in 
circuits  carrying  alternating  currents  of 
low  frequency,  the  impedance  may  be  very 
large  so  that  the  resulting  current  through 
the  condenser  mav  be  very  much  limited 
in  magnitude.  As  in  the  case  of  the  water 
analogy,  the  impedance  is  made  up  of  the 
energy  losses  caused  by  resistance  in  the 
conducting  plates  of  the  condenser  and 
losses  due  to  electrical  strain  in  the  insu- 
lating medium  between  them,  in  combina- 
tion with  the  reactance  effects  resulting 
from  the  inability  of  the  plates  to  accom- 
modate indefinitely  large  electron  flows 
onto  and  off  the  plates.  Both  the  resistive 
losses  and  the  capacity  reactance  are  meas- 
ured in   ohms,   and  impedances   are   there- 


a 


The  heater  heats  the  cathode    (left),  which  then  gives  off  electrons. 
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fore  also  stated  in  ohms. 

The  fundamental  properties  of  condens- 
ers are  exceedingly  useful  in  amplifier  cir- 
cuits, for  they  permit  the  separation  of  di- 
rect currents  from  alternating  currents, 
and   the   variation  of  impedance  with  fre- 


Steady  currents  are  accompanied  by  equally 
steady  fields;  alternating  currents  have 
magnetic  fields  which  vary  in  intensity  and 
direction  of  force  in  accordance  with  the 
current  intensity  and  direction  variations. 
Conductors     placed    in     the    region     of    a 


When  positively  charged    (left)    the  anode   attracts  electrons;   when  negatively   charged 

(right)   it  has  no  attraction. 


quency  allows  circuits  to  be  arranged  which 
will  permit  currents  of  certain  frequencies 
to  flow  while  others  of  different  frequency 
are  greatly  limited.  The  extensive  fre- 
quency response  equalizing  facilities  in 
the  Motiograph  MA-75  0  5-A  Amplifier  are 
examples  of  the  latter  type  of  condenser 
application,  and  these  facilities  permit  the 
amplifier  performance  to  be  exactly  ad- 
justed to  suit  auditorium  acoustical  condi- 
tions. 

Electromagnetism 

Electrical  currents  are  always  accom- 
panied by  strained  or  stressed  conditions  in 
the  region  through  which  the  current 
flows.  This  field  of  stress  exhibits  the  same 
characteristics,  and  in  fact  is  identical  to 
the  field  surrounding  magnets.  For  con- 
venience in  thinking  about  such  fields,  it 
is  customary  to  regard  them  as  made  up  of 
imaginary  lines  of  force  something  on  the 
order  of  map  contour  lines,  since  along 
each  such  line  the  stress  is  assumed  to  be 
equal  in  intensity.  The  area  in  which  the 
stress  is   present   is  called   a  magnetic  field. 


changing  magnetic  field  have  induced  in 
them  an  electrical  potential  which  may 
cause  a  current  to  flow  if  there  is  a  suitable 
continuous  circuit  associated  with  the  con- 
ductor; this  is  true  also  of  a  conductor 
through  which  a  current  is  flowing  to  pro- 
duce a  magnetic  field,  and  the  induced  po- 
tential is  such  as  would  produce  a  current 
in  the  opposite  direction  to  that  of  the 
original  current.  Magnetic  fields  represent 
stored  energy  and  they  are  capable  of  doing 
work  just  as  a  stretched  spring  represents 
stored  potential  energy. 

Physical  substances  differ  radically  in  the 
ease  with  which  magnetic  fields  can  be  es- 
tablished within  and  through  them,  and 
there  is  one  family  of  substances,  the  fer- 
rous (derived  from  iron)  metals,  so  sus- 
ceptible to  the  establishment  of  magnetic 
fields  that  they  are  universally  used  to  con- 
fine and  direct  the  magnetic  lines  of  force 
in  wanted  directions.  The  lines  of  force 
pass  through  and  are  not  hindered  by  non- 
magnetic materials,  which  in  general  are 
also  poor  electrical  conductors  such  as  air, 
glass,  wood,  bakelite,  etc. 
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Inductive  Reactors 

Strictly  speaking,  the  term  "reactor"  can 
be  applied  to  either  a  coil  or  condenser, 
since  condensers  produce  reactance  in  cir- 
cuits in  which  they  are  connected  just  as 
does  a  coiled  conductor,  but  the  term  is 
ordinarily  applied  only  to  pieces  of  appa- 
ratus consisting  of  a  coiled  conductor,  and 
particularly  to  such  an  arrangement  having 
a  core  of  iron  or  other  magnetic  material 
to  confine  and  intensify  the  magnetic  field. 
Coiling  causes  the  individual  fields  around 


trying  to  establish  the  current.  It  also  op- 
poses any  diminution  of  the  current  after 
it  is  once  flowing,  since  the  potentials  in- 
duced by  the  collapsing  magnetic  field  are 
always  such  as  to  prolong  the  current  flow 
which  set  up  in  the  field.  This  property 
of  opposing  changes  in  the  flow  of  current 
is  called  "inductance,"  and  it  is  measured 
in  units  called  "henries."  In  the  case  of  a 
single  coil  or  conductor  the  word  is  quali- 
fied by  being  called  "self-inductance,"  and 
in   cases  where   the  potentials   are   induced 


Symbols   for  triode   amplifier   tube    (left)    and   gas-filled   half-wave   rectifier   tube. 


each  unit  length  of  the  conductor  to  add 
up,  and  since  the  magnetic  core  still  fur- 
ther intensifies  and  directs  the  field  around 
all  of  the  turns,  a  current  in  one  of  these 
unit  lengths  will  induce  potentials  in  all 
the  other  unit  lengths  making  up  the  coil. 
The  magnetic  effects  are  thus  very  much 
more  pronounced  than  they  would  be  if 
the  conductor  were  stretched  out  straight, 
or  if  the  core  of  magnetic  material  were  not 
present. 

Such  a  device  connected  into  a  direct 
current  circuit  does  not  hinder  the  flow  of 
current,  once  it  is  established,  other  than 
by  means  of  the  DC  resistance  of  the  con- 
ductor. It  opposes  the  establishment  of 
the  current  originally  because  the  poten- 
tials induced  in  the  conductor  by  its  own 
changing  magnetic  field  are  always  oppo- 
site  in   polarity   to   the   potential   which   is 


in  some  associated  coil  or  conductor,  the 
property  is  known  as  "mutual  inductance." 
It  may  easily  be  seen  that  alternating 
currents,  which  are  constantly  changing 
in  both  magnitude  and  direction,  will  be 
strongly  opposed  by  inductive  reactors,  and 
that  the  faster  the  alternations  take  place, 
the  more  opposition  there  will  be.  This  op- 
position is  called  "inductive  reactance"  to 
distinguish  it  from  the  type  associated  with 
condensers,  and  its  value  in  chms  is  pro- 
portional to  the  frequency  of  the  current 
and  to  the  amount  of  inductance  the  reactor 
has.  The  latter  depends  upon  various  fac- 
tors such  as  the  number  of  turns  of  con- 
ductor in  the  coil,  the  shape  of  the  coil,  the 
nature  of  the  core  material,  and  the  value 
of  the  current  flowing  through  it.  As  in 
the  case  of  condensers,  the  total  impedance 
offered  by  such  devices  to  the  flow  of  alter- 
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nating  current  is  a  combination  of  the  DC 
resistance  of  the  conductor  and  of  the  in- 
ductive reactance;  the  only  energy  loss 
they  produce  is  due  to  the  DC  resistance, 
for  the  energy  used  in  establishing  the 
magnetic  field  is  all  returned  to  the  circuit 
when  the  field  collapses. 

Inductive  reactors  are  principally  used 
in  amplifiers  to  smooth  out  the  irregulari- 
ties in  uni-directional,  but  pulsating,  cur- 
rents produced  by  the  rectifier  tubes.  Since 
the  reactance  varies  with  frequency,  they 
arc  also  useful  in  arranging  circuits  which 
will  respond  differently  to  AC  potentials 
of  differing  frequencies,  and  in  combina- 
tion with  condensers  and  resistors,  they 
are  the  major  components  in  all  types  of 
electrical  filtering  devices. 

Transformers 

Transformers  consist  of  two  or  more 
closely  associated  inductive  reactors.  The 
magnetic  fields  produced  by  one  thus  re- 
act on  the  others,  and  vice  versa.    They  do 


not  necessarily  have  to  be  separate  coils, 
for  as  has  been  explained,  the  field  pro- 
duced by  a  unit  section  in  a  coil  reacts  on 
all  the  other  sections  of  the  coil.  Thus,  in 
one  sense,  even  a  single  winding  is  a 
transformer,  and  indeed  one  very  large 
class  of  transformers,  the  "auto-transform- 
ers" have  only  one  winding;  the  imped- 
ance matching  transformers  in  some  of 
the  larger  Motiograph-Mirrophonic  loud- 
speaker systems  are  of  this  type.  The  trans- 
formers with  which  we  are  concerned  in 
amplifiers,  however,  usually  have  at  least 
two  separate  windings  or  coils,  coupled 
only  by  being  close  to  each  other,  and  by 
being  wound  on  a  common  magnetic  core 
material.  In  such  transformers  direct  cur- 
rents cannot  pass  from  one  winding  to  an- 
other, and  they  are  thus  useful  where  it  is 
desired  to  pass  on  alternating  current  en- 
ergy to  other  circuits  without  also  provid- 
ing a  path  for  direct  currents. 

One    of    the    most    important    uses    for 
transformers  is  that  of   transferring  alter- 
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The  tube  as  a  rectifier — the  anode  is  positive  and  attracts  electrons,  then  negative, 

then   positive   again 
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nating  current  energy  from  one  circuit  to 
another  at  a  different  potential  or  voltage. 
The  ability  to  do  this  comes  about  from 
the  fact  that  virtually  all  of  the  electrical 
energy  applied  to  the  "in,"  or  "primary" 
winding  of  the  transformer  is  converted 
by  the  action  of  this  winding  into  a  fluc- 
tuating magnetic  field.  This  field  then  in- 
duces a  voltage  in  the  "out"  or  "secondary" 


ing  ability  makes  the  transformer  an  indis- 
pensable part  of  electrical  systems  for  the 
transmission  of  power  over  considerable 
distances,  for  a  given  amount  of  power  can 
be  transmitted  at  high  voltage  and  low 
current  with  relatively  low  losses  in  the 
conductors  because  the  conductor  loss  is 
proportional  only  to  the  current  value  and 
to  the  resistance  of  the  conductor. 


Signal  Voltage 


Amplified  Plate  Current 


= UL 


The  process  of  amplification,  showing  how  the  plate  current  wave  takes  exactly  the 
same  shape  as  the  signal  voltage 


winding,  and  the  secondary  becomes  cap- 
able of  delivering  power  to  a  connected 
load  impedance.  The  secondary  voltage  is 
equal  to  the  primary  voltage  only  if  the 
two  windings  have  the  same  number  of 
turns,  however,  and  if  they  do  not,  the 
secondary  voltage  differs  from  the  primary 
voltage  in  direct  proportion  to  the  ratio  of 
the  turns  in  the  windings.  The  total  power 
in  the  secondary  circuit  doss  not  differ 
from  that  in  the  primary,  except  for  being 
slightly  less  due  to  small  heat  losses  in  the 
transformer  windings  and  core,  for  the  sec- 
ondary current  is  in  inverse  proportion  to 
the  change  in  voltage.    This  voltage  chang- 


Transformers  are  used  in  amplifiers  to 
change  the  power  line  voltage  to  the  higher 
and  lower  values  needed  for  the  various 
circuits,  and  as  coupling  devices  in  the  ac- 
tual sound  circuits.  It  is  a  well  established 
rule  in  electrical  circuits  that  energy  is 
transferred  from  one  circuit  to  another 
with  minimum  loss  when  the  circuits  have 
matched  impedances.  With  transformer 
coupling,  this  desirable  condition  can  be 
easily  established,  for  a  given  impedance 
connected  to  one  winding  appears,  when 
viewed  from  another  winding,  to  be  mul- 
tiplied by  a  quantity,  the  impedance  ratio, 
which  depends  upon  the  ratio  of  the  num- 
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ber  of  turns  in  the  two  windings.  This 
follows  from  the  statement  in  the  preced- 
ing paragraph  that  except  for  small  losses, 
the  power  in  the  windings  is  the  same, 
although  the  ratio  of  voltage  to  current 
may  be  very  different.  The  impedance  ra- 
tio is  actually  equal  to  the  square  of  the 
turns  ratio. 

Low  impedance  circuits  are  somewhat 
less  subject  to  noise  pickup  than  those  of 
high  impedance.  Photocell  circuits  are  of 
very  high  impedance,  and  are  followed 
by  a  great  deal  of  amplification.  In  many 
older  style  sound  systems  they  are  coupled 
to  the  amplifiers  via  transformers,  one  in 


the  sound  reproducer  to  give  a  low  im- 
pedance output  circuit,  and  another  at  the 
amplifier  to  approximately  match  the  high 
grid  circuit  input  impedance.  Such  trans- 
formers are  difficult  and  expensive  to  man- 
ufacture, however,  and  are  not  too  reliable 
in  operation,  since  they  must  contain  wind- 
ings of  many  turns  of  very  fine  wire,  and 
must  be  very  thoroughly  shielded  to  pre- 
vent hum  and  noise  pickup.  In  the  more 
modern  systems  the  photocell  circuits  are 
directly  coupled  to  the  amplifiers  via  low- 
capacity  coaxial  cables,  resulting  in  almost 
perfect  shielding  and  the  elimination  of  at 
least  two  sources  of  possible  breakdown. 


Theatre  Amplifiers 


II.  Amplifier  Design 


By  R.  T.  VAN  NIMAN 


To  deliver  the  fairly  large  amounts  of 
acoustical  energy  needed  to  produce  ade- 
quate sound  loudness  in  auditoriums  for 
the  presentation  of  sound  motion  pictures, 
loudspeakers  must  be  provided  with  con- 
siderable electrical  driving  power  by  the 
final  amplifier  stage.  According  to  present 
industry  standards,  a  750  to  800  seat  thea- 
tre needs  about  1  5  watts  of  amplifier  out- 
put power.  While  this  amount  is  not  large 
in  comparison  with  the  powers  needed  for 
the  operation  of  many  common  electrical 
devices,  it  still  calls  for  the  use  of  relative- 
ly large  vacuum  tubes  in  the  final  ampli- 
fier stage,  since  all  of  this  power  must  come 


from  the  final  stage.  The  preceding  stages 
function  only  to  increase  the  magnitude  of 
the  low  signal  voltage  produced  by  the 
sound  reproducer  to  the  degree  necessary 
for  control  of  the  action  in  the  final  stage. 
The  final  stage  is  usually  referred  to  as  the 
"power"  or  "output"  stage  of  the  complete 
amplifier,  and  it  may  consist  of  a  single 
tube,  or  of  two  or  more  tubes  operating 
in  parallel  so  as  to  be  able  to  deliver  more 
power  than  can  be  handled  by  a  single  tube. 
The  alternating  component  of  the  total 
plate  circuit  current  in  the  output  stage  is 
the  useful  signal  energy  which  must  be 
transferred  to  the  loudspeaker  system.  Vac- 
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uum  tube  plate  circuits  are  inherently  fairly 
high  in  impedance;  loudspeakers  are  inher- 
ently low  in  impedance  because  of  space 
and  weight  limitations  in  the  design  of 
their  voice  coils  and  cones  or  diaphragms. 
If  loudspeakers  were  to  be  directly  con- 
nected into  the  plate  circuit,  there  would 
be  lost,  due  to  impedance  mismatch,  much 
of  the  signal  energy.  The  most  commonly 
used  method  of  surmounting  this  difficulty 
is  to  interpose  a  transformer  between  the 
plate  circuit  and  the  loudspeaker  system. 
As  was  explained  in  Section  I,  the  trans- 
former performs  the  impedance  matching 
function  and  at  the  same  time  separates  the 
steady  direct  current  component  of  the  plate 
current  from  the  wanted  signal  currents. 

A  widely  used  and  exceedingly  useful 
variation  on  the  parallel  operation  of  tubes 
consists  of  the  circuit  arrangement  usually 
referred  to  as  a  "push-pull"  circuit.  In  this 
arrangement  the  signal  voltage  for  driving 
the  output  stage  is  divided  into  two  parts 
by  means  of  auxiliary  apparatus,  and  these 
are  then  applied  individually  to  the  tubes 
comprising  the  output  stage.  The  resulting 
signal  powers  in  the  plate  circuits  of  the 
output  tubes  are  then  combined  in  the 
proper  relationship  by  means  of  a  trans- 
former having  a  two-section  primary,  and 
the  combined  signal  power  is  then  deliv- 
ered to  the  loudspeaker  load  from  the  sec- 
ondary winding  of   this   transformer. 

Inherent  in  the  combining  process  is  a 
marked  cancellation  of  the  distortion,  or 
failure  of  the  output  signal  currents  to  be 
exact  copies,  as  far  as  their  rates  and  man- 
ner of  variation  are  concerned,  of  the 
incoming  signal  voltages  because  of  imper- 
fections in  the  operation  of  the  vacuum 
tubes.  For  a  given  amount  of  tolerable 
distortion,  therefore,  it  is  thus  possible  to 
obtain  more  power  from  a  pair  of  tubes  of 
specific  size  when  they  are  operated  push- 
pull  than  can  be  obtained  if  they  are  simply 
connected  in  parallel.  For  still  more  power 
without  going  to  much  larger  tubes,  two  or 
more  tubes  of  the  same  type  are  frequently 


connected  in   parallel  on  each  side  of  the 
"push-pull"  circuit. 

Amplifier  Gain  Stages 

As  contrasted  with  the  output  or  power 
stage,  all  of  the  other  stages  in  theatre 
amplifiers  (except  for  a  few  special-pur- 
pose types  to  be  discussed  later)  are  "vol- 
tage amplifier"  or  "gain"  stages,  since  their 
function  is  to  produce  an  increase,  or 
"gain"  in  the  magnitude  of  the  signal 
voltage.  They  usually  consist  of  single, 
and  fairly  small  vacuum  tubes,  since  we 
are  concerned  now,  not  with  the  handling 
of  power,  but  with  the  development  of  rel- 
atively large  AC  voltages  in  the  tube's  plate 
circuit  from  relatively  small  AC  voltages 
applied  to  its  grid  circuit.  The  tube  action 
in  doing  this  was  explained  in  Section  I, 
and  as  was  mentioned  at  that  time,  the  AC 
component  of  the  tube's  plate  current  can 
be  used  to  develop  a  corresponding  AC  sig- 
nal voltage,  which  in  turn  can  be  used  to 
control  the  action  in  following  stages.  Suit- 
able transformers  can  be  used  for  this 
coupling  function,  or  the  plate  circuit  may 
be  arranged  so  that  the  fluctuating  plate 
current  flows  through  a  high  resistance  or 
an  inductive  reactor  and  thus  produces 
across  the  terminals  of  the  resistance  or 
reactor  the  needed  AC  signal  voltage, 
which  is  then  passed  on  to  the  following 
stage  via  a  condenser.  The  condenser  pre- 
vents any  flow  of  DC  from  the  plate  circuit 
of  the  first  tube  into  the  grid  circuit  of  the 
following  tube,  but  does  not  greatly  hinder 
the  passing  on  of  the  AC  signal  voltage. 

The  signal  voltage  developed  in  the 
photo  cell  circuit  of  the  sound  reproducer  is 
so  low  in  magnitude  that  amplifiers  for  use 
in  motion  picture  sound  systems  usually 
contain  at  least  two  and  frequently  as  many 
as  four  to  six  gain  stages  ahead  of  the  out- 
put, or  power  stage.  The  amplification,  or 
gain  per  stage,  depends  upon  the  type  of 
tube  used,  upon  the  circuit  arrangement 
and  value  of  components,  and  upon  many 
other  factors.    Gain  is  frequently  deliber- 
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ately  sacrificed  in  the  design  of  amplifiers 
in  order  to  secure  some  more  desirable 
equality,  such  as  reduced  over-all  distortion, 
or  a  needed  variation  in  the  response  of  the 
amplifier  to  input  signal  voltages  of  dif- 
fering frequencies  or  an  improvement  in 
the  ratio  of  the  output  signal  current  to 
that  representing  noise  or  hum  originating 
within  the  amplifier  circuits.  All  of  these 
qualities  are  of  great  importance  in  ampli- 
fiers intended  for  use  in  theatre  sound  sys- 
tems capable  of  giving  truly  life-like  sound 
reproduction. 

Amplifier  Power  Supply  Circuits 

Vacuum  tubes  used  as  amplifiers  must 
have  a  source  of  electrical  energy  to  heat 
their  cathodes  or  filaments  to  operating 
temperature  and  a  source  of  DC  energy  to 
establish  the  correct  operating  potentials 
for  the  various  tube  elements.  Photocells 
in  the  sound  reproducer  also  need  a  DC 
polarizing  potential. 

The  electron  emission  from  a  tube  ca- 
thode or  filament  is  dependent  upon  the 
temperature  of  the  structure.  If  alternat- 
ing current  is  used  to  produce  the  heat, 
there  will  be  small  variations  in  the  elec- 
tron emission  corresponding  to  the  current 
alternations,  and  these  variations  will  ap- 
pear as  hum  of  twice  the  power  line  fre- 
quency in  the  output  signal  from  the  tube. 
In  the  early  days  of  radio,  and  even  in  the 
early  sound  motion  picture  equipment,  this 
difficulty  was  obviated  by  heating  the 
tubes  with  direct  current  from  storage  bat- 
teries. In  later  days  batteries  were  replaced 
by  motor-generators  or  rectifier-type  pow- 
er units  with  heavily  filtered  output  cir- 
cuits to  provide  the  direct  current. 

As  time  went  on,  tube  manufacturers 
produced  cathode  and  heater  designs  which 
so  greatly  reduce  the  modulation  of  the 
electron  stream  by  heater  current  variations 
that  alternating  current  can  be  used  for  this 
purpose  even  in  amplifier  stages  which  are 
followed  by  considerable  amplification.  All 
modern  theatre  amplifiers  use  AC-operated 
tubes  throughout,  though,  as  was  brought 


out  in  the  article  on  sound  reproducers 
for  best  quality  sound  reproduction  from 
film,  it  is  still  necessary  to  heat  reproducer 
exciter  lamps  with  direct  current. 

The  operating  voltages  of  heaters  and 
filaments  in  tubes  currently  used  in  theatre 
amplifiers  are  much  lower  than  power  line 
voltages.  These  relatively  low  voltages  are 
obtained  from  step-down  transformers  in- 
corporated in  the  amplifier  assembly,  and 
such  transformers  may  have  several  sec- 
ondary windings  to  provide  different  volt- 
ages for  the  various  types  of  tubes  in  the 
complete  amplifier. 

As  in  the  case  of  tube  filaments  and 
heaters,  the  DC  potentials  required  for  op- 
eration of  the  other  tube  elements  and  for 
operation  of  photocell  circuits  were  ob- 
tained from  batteries  in  the  early  days. 
With  improvements  in  rectifier  and  filter 
designs  it  eventually  became  possible  to 
supply  these  circuits  with  rectified  and  fil- 
tered energy  from  the  power  lines,  and  all 
modern  theatre  amplifiers  are  completely 
AC  operated. 

The  power  requirements  are  relatively 
small,  so  it  is  usually  possible  to  build  the 
rectifier  and  filter  circuits  directly  into  the 
amplifier  assembly.  The  potentials  required 
are  ordinarily  considerably  above  the  power 
line  voltage,  so  the  first  component  of  the 
rectifier  is  a  step-up  transformer.  Its  sec- 
ondary voltage  is  chosen  somewhat  higher 
than  the  maximum  DC  potential  needed  in 
the  amplifier  circuits  so  as  to  compensate 
for  losses  in  the  rectifier  element  proper. 

The  rectifier  in  amplifiers  is  almost  al- 
ways of  the  two  element  tube  type  discussed 
in  Section  I  of  this  article,  and  in  fairly 
low-power  amplifiers  it  is  customary  to  use 
the  full-wave  type  having  two  sets  of  ele- 
ments in  one  bulb  because  of  the  more  easily 
filtered  output  current.  For  high  voltage 
rectifiers  in  heavy-duty  power  amplifier 
stages,  separate  half-wave  rectifier  tubes  are 
used  in  the  full-wave  circuit  because  of  in- 
sulation difficulties  in   the  fullwave  tubes. 

The  pulsating  but  uni-directional  output 
current  of  the  rectifier  tube,  or  tubes,  goes 
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to  the  amplifier  filter  circuits.  These  arc 
networks  of  inductors,  capacitors  and  resis- 
tances, and  they  smooth  out  the  pulsations 
by  virtue  of  their  properties  discussed  in 
Section  I  so  that  the  resulting  output  en- 
ergy   is    virtually    free    from    AC    compo- 


amplifier  characteristics  as  gain,  noise  level, 
power  output  and  distortion  are  in  order. 
It  is  entirely  possible  to  discuss  these  char- 
acteristics in  terms  of  the  fundamental  elec- 
trical units  and  obvious  ratios.  For  exam- 
ple,  gain  could  be  rated  as  the  number  of 


Preamplifier  or  voltage  amplifier 


nents.  The  resistive  elements  also  act  as 
voltage  dividers  to  provide  just  the  cor- 
rect potentials  for  the  various  tube  circuits 
in  the  amplifier  and  for  operation  of  the 
external  photocell  circuits. 

Power  Ratios  and  Decibels 

Before  going  on  to  consideration  of  an 
actual  amplifier  design,  some  comments  on 
the  methods  of  rating  and  referring  to  such 


times  the  output  signal  exceeded  the  input 
signal  in  power,  and  the  amount  of  un- 
wanted noise  and  distortion  originating  in 
the  amplifier  circuits  could  be  given  in  elec- 
trical watts.  Actually,  only  the  power  out- 
put of  an  amplifier  is  customarily  given  in 
watts.  Distortion  is  frequently  given  in 
percent  of  the  maximum  output  power,  but 
this  characteristic  and  gain  and  noise  level 
are  more  conveniently  expressed  in   terms 
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of  decibels,  the  familiar  "db's"  of  the 
sound  engineers. 

There  is  nothing  particularly  mysterious 
about  the  decibel.  Very  early  in  the  study 
of  sound  and  hearing  it  was  discovered  that 
the  ear  is  a  far  from  linear  apparatus;  that 
is,  a  sound  of  twice  the  actual  power  of 
another  similar  sound  does  not  appear  to 
be  twice  as  loud,  but  only  just  perceptibly 
louder.  This,  in  part,  accounts  for  the  lit- 
erally enormous  range  of  sound  intensities 
we  can  hear;  oyer  much  of  this  range  the 
relationship  between  the  loudness  and  the 
power  ratio  is  logarithmic  in  nature,  that  is, 
the  loudness  varies  more  or  less  in  propor- 
tion to  the  logarithm  of  the  power  ratio. 

Engineers  concerned  with  the  transmis- 
sion, recording  and  reproducing  of  speech 
and  music  arbitrarily  and  for  convenience  in 
calculations  adopted  the  logarithm  of  the 
power  ratio,  multiplied  by  ten  to  avoid 
excessive  decimals,  as  a  device  for  expres- 
ing  the  power  ratios.  In  this  manner,  the 
extremely  large  ratios  encountered  can  be 
expressed  in  numbers  of  few  digits,  and  the 
gains  or  losses  produced  by  various  sections 
of  apparatus  in  a  complex  circuit  can  be 
combined  by  simple  algebraic  addition  and 
subtraction,  instead  of  by  means  of  cum- 
bersome multiplication  or  division  of  large 
numbers. 

The  logarithm  of  1  is  zero;  where  two 
power  levels  are  equal,  and  their  ratio  is 
hence  1,  the  gain  or  loss  in  decibels  is  there- 
fore zero.  The  logarithm  of  100  is  2; 
where  one  power  level  is  100  times  another 
or  one  one-hundredth  of  another,  it  can  be 
said  that  they  differ  by  20  db.  Referred  to 
an  item  of  apparatus,  in  the  case  where  the 
output  power  was  100  times  the  input 
power,  the  apparatus  would  have  a  gain  of 
20  db.  If  the  output  power  was  one  one- 
hundredth  of  the  input  power,  as  it  might 
be  in  certain  types  of  filter  and  equalizing 
networks,  the  apparatus  has  a  loss  of  20  db. 
In  combining  gains  and  loss,  gains  are  con- 
sidered positive  in  sign  and  losses  are  nega- 
tive in  sign. 

It  may  seem  that  it  is  not  much  easier  to 


write  "20"  than  "100,"  and  this  is  true. 
Where  the  decibel  really  comes  in  handy  is 
in  the  large  power  ratios.  For  example, 
the  gain  in  most  theatre  amplifiers  is 
around  100  db.  It  is  a  great  deal  simpler, 
if  not  quite  as  impressive,  to  write  this 
than  the  corresponding  power  ratio  of 
10,000,000,000! 

The  concept  of  "power  level"  derives 
from  the  fact  that  ratios  can  be  whole  num- 
bers indicating  gains,  with  corresponding 
positive  decibel  equivalents,  or  fractional 
numbers  indicating  losses,  with  correspond- 
ing negative  decibel  equivalents.  This 
gives  a  power  level  scale  something  on  the 
order  of  the  temperature  scales  with  which 
we  are  all  familiar.  By  assigning  some 
actual  power  in  watts  to  the  zero  point  of 
this  scale,  we  thus  have  a  very  convenient 
way  of  referring  to  very  large  or  very  small 
powers.  This  procedure  is  particularly  use- 
ful in  dealing  with  communication  equip- 
ment, where  power  levels  are  often  ex- 
tremely low,  so  that  calculations  in  watts 
would  involve  formidable  decimals. 

Various  zero  reference  values  are  cur- 
rently in  use  in  different  parts  of  the  com- 
munication industry;  six  milliwatts  (.006 
watts)  is  customary  in  the  motion  picture 
sound  equipment  field.  One  milliwatt 
(.001  watt),  with  the  resulting  integral 
steps  called  "volume-units,"  or  "vu's,"  is 
used  in  some  of  the  newer  equipment  de- 
signed to  indicate  power  levels,  particular- 
ly in  radio  broadcasting  apparatus. 

Amplifier  Gain  and  Power  Output 

It  should  be  evident  that  "gain"  is 
simply  the  ratio  between  the  input  power 
and  the  output  power,  in  other  words,  a 
measure  of  the  number  of  times  the  power 
is  amplified.  It  is  not  any  particular  value 
of  power  in  watts  any  more  than  is,  say,  an 
amplification  of  100,000  times,  or  5  0  db. 
This  point  is  elaborated  upon  to  combat  the 
frequent  confusion  that  exists  regarding 
gain  and  output  power.  A  high-gain  am- 
plifier is  not  necessarily  one  capable  of 
delivering  considerable  output  power,  and 
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conversely,  very  high-powered  single  stage 
power  amplifiers  frequently  have  little  gain 
measured  in  decibels.  The  confusion  prob- 
ably arises  from  the  common  practice  of 
rating  amplifier  output  powers  in  decibels 
relative  to  the  six  multi-watt  zero  reference 


sound  reproducer  is  very  low.  Theatre  am- 
plifiers must  therefore  have  a  relatively 
large  amount  of  gain,  in  the  order  of  100 
db,  as  has  been  mentioned.  Not  all  of 
this  gain  is  normally  used,  of  course,  since 
it   is   considered   good   practice   to   have  at 


Motiograph-Mirrophonic    MA-7505-A    Amplifier 


level.  An  amplifier  with  an  output  of  34 
db/.006  watts  thus  may  have  a  quite  differ- 
ent total  gain  rating.  The  "34  db  .006" 
means  merely  that  the  rated  output  power 
is  34  db  greater  than  the  zero  reference 
power  of  six  milliwatts,  or  about  1 5  watts. 
The  power  level   at   the  output   of   the 


least  20  db  spare  gain  available  to  take  care 
of  films  with  abnormally  low  levels  of 
sound  track  modulation  and  to  allow  for 
variations  in  the  sensitivity  of  photocells, 
variations  in  vacuum  tube  characteris- 
tics, etc. 

The  value  of  amplifier  output  power  in 
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watts  needed  for  various  sizes  of  theatres 
has  been  established  by  observation  and 
experience.  A  chart  showing  the  recom- 
mendations of  the  Research  Council  of  the 
Academy  of  Motion  Picture  Arts  and 
Sciences  will  be  found  published.  As  is 
noted  on  this  chart,  the  ratings  are  on  the 
basis  of  two  percent  total  distortion  in 
the  amplifier  system. 

Distortion  and  Noise  Level 

All  amplifiers  produce  some  distortion  of 
the  signal  voltages  applied  to  their  inputs. 
By  elaborate  design  precautions  it  is  pos- 
sible to  reduce  this  distortion  to  very  low 
values  if  there  are  no  cost  limits  and  if  the 
application  warrants  it.  The  term  "distor- 
tion" is  applied  to  the  products  of  various 
things  that  take  place  within  the  amplifier 
which  result  in  the  output  signal  being  an 
unfaithful  copy  of  the  input  signal.  It  can 
be  shown  mathematically  that  the  distortion 
is  the  result  of  the  generation  within  the 
amplifier  of  signal  components  which  were 
not  present  in  the  input  signal,  and  it  is 
possible  to  accurately  measure  these  com- 
ponents, or  distortion  products,  with  suit- 
able instruments. 

The  distortion  is  usually  given  in  per 
cent.  For  example,  an  amplifier  having  a 
rating  of  1  5  watts  at  two  percent  distortion 
will  deliver  1 5  watts  of  output  signal,  and 
this  output  signal  will  not  have  over  two 
percent  total  distortion  components.  An- 
other method  of  rating  is  to  specify  in  deci- 
bels the  ratio  between  the  full  output  power 
and  the  power  represented  by  the  distortion 
products.  By  this  method,  distortion  would 
be  said  to  be  so  many  "db  down"  from  the 
rated  power  output. 

At  the  present  time  it  is  customary  to 
measure  distortion  in  amplifiers  by  applying 
a  single  frequency  signal  to  the  input  and 
then,  at  the  output,  this  frequency  is  elimi- 
nated with  special  filters,  leaving  only  the 
distortion  products,  which  can  thus  be 
measured  separately.  It  is  probable  that  in 
the  years  to  come  this  method  will  be  su- 
perseded,    for    motion    picture    equipment 


amplifiers  at  least,  by  a  more  complicated 
method  which  takes  into  account  the  fact 
that  the  various  frequency  components  of 
a  complex  input  signal  interact  upon  each 
other  resulting  in  sum  and  difference  com- 
ponents in  the  output  signal  which  may  not 
be  in  harmonious  relationship  to  the  orig- 
inal frequency  distribution.  This  sort  of 
distortion  is  called  "intermodulation"  or 
"cross-modulation."  The  studios  have  been 
using  intermodulation  measurements  for 
years  as  a  check  on  their  recording,  devel- 
oping and  printing  processes,  but  the  use 
of  such  measurements  in  rating  reproducing 
equipment  is  fairly  new.  The  advantage 
lies  in  the  fact  that  the  results  of  such  meas- 
urements are  apparently  a  much  better 
indication  of  what  the  listener  considers  to 
be  objectionable  distortion  than  are  the 
results  of  single  frequency  distortion  meas- 
urements. 

The  causes  for  distortion  in  amplifiers 
are  numerous.  The  tube  action  in  produc- 
ing an  enlarged  copy  of  the  input  signal  in 
the  tube  plate  circuit  is  not  quite  perfect, 
and  may  be  very  imperfect  if  the  associated 
circuits  are  not  just  right.  Poorly  designed 
transformers  may  cause  considerable  distor- 
tion, and  many  other  components,  as  well 
as  the  overall  circuit  design  may  radically 
affect  the  amount  of  distortion  present  in 
the  output  signal  from  the  complete  am- 
plifier. 

Noise  originating  within  the  amplifier 
circuits  is  usually  considered  apart  from 
distortion  of  the  signal,  although  in  one 
sense  it  is  likewise  distortion,  for  it  repre- 
sents a  component  of  the  output  not  pres- 
ent at  the  input.  In  high-gain,  multi-stage 
amplifiers,  the  limiting  factor  on  the 
amount  of  gain  which  can  be  usefully  em- 
ployed is  the  random  noise  originating  in 
the  input  circuits  due  to  thermal  agitation 
within  the  conductors  making  up  the  cir- 
cuits, and  to  somewhat  similar  effects 
within  the  vacuum  tubes.  This  sort  of 
noise  is  not  particularly  troublesome  in 
theatre  amplifiers,  for  the  signal  level  from 
the  sound  reproducer,  while  quite  low,   is 
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yet  far  above  such  noise  levels.  More  im- 
portant in  such  applications  is  noise  due  to 
inadequate  filtering  of  power  supply  cir- 
cuits, and  miscellaneous  hum  and  spark 
click  pickups  caused  by  poorly  shielded  in- 
put circuits.  In  theatre  projection  rooms 
filled  with  other  electrical  equipment  there 
are  always  strong  stray  magnetic  electro- 
static fields  to  introduce  objectionable  noise 
into  amplifier  sound  circuits  unless  great 
care  is  taken  to  insure  that  they  are  well- 
shielded  against  such  disturbances. 

Noise  levels  in  theatre  amplifiers  are 
usually  stated  in  terms  of  the  zero  db  ref- 
erence level,  since  the  noise  ordinarily  is 
independent  of  the  amount  of  signal  going 
through  the  amplifier.  Since  much  of  it 
originates  in  the  input  stages,  it  is  necessary 
to  specify  at  what  gain  control  setting  the 
noise  is  measured  where  the  gain  con- 
trol  follows   an   input   stage,   as   it   usually 


docs.  As  an  example,  the  Motiograph- 
Mirrophonic  PA  and  MA-7505-A  Ampli- 
fiers have  a  noise  level  of — 3  5  db  with  re- 
spect to  the  six  milliwatt  zero  reference 
level  ( — 3  5  db  .006  W.)  at  average  oper- 
ating gain,  or  step  10  on  the  20  point  gain 
control.  With  the  input  stage  out  of  the 
circuit  the  noise  level  drops  10  db  to 
— 4  5  db  .006  W.  In  terms  of  the  maxi- 
mum output  power  level  of  20  watts,  or 
3  5.2  db/.006  W.  the  noise  level  at  operat- 
ing gain  is  thus  70.2  db  below  the  maxi- 
mum signal  level,  an  amount  which  insures 
that  all  of  the  noise  which  can  be  heard  in 
the  reproduced  signal  is  due  to  that  origi- 
nating in  the  sound  reproducer  or  to  noise 
recorded    directly   in    the   sound    track. 

Reducing  Noise  and  Distortion 

The    usefulness    of    thorough    and    com- 
plete  shielding   of   amplifier   input   circuits 
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in  reducing  noise  pickup  has  already 
been  cited,  and  reference  has  been  made  to 
modern  tube  designs  which  permit  the  use 
of  alternating  current  for  tube  heater  and 
filament  operation  without  the  introduction 
of  excessive  hum  into  the  amplifier  circuits. 
The  push-pull  operation  of  tubes  in  the 
final  amplifier  stage  helps  to  reduce  both 
the  noise  level  and  the  distortion. 

Perhaps  the  most  significant  development 
in  amplifier  design  of  the  past  few  years  is 
the  use  of  inverse  feedback,  or  degenera- 
tion. In  any  device  in  which  amplification 
or  gain  takes  place,  if  arrangements  are 
made  so  that  the  device  supplies  its  own 
input  energy  we  have  an  oscillator,  or  gen- 
erator of  oscillating  energy.  In  the  ampli- 
fiers which  we  are  discussing  in  this  article, 
this  would  mean  that  there  would  have  to 
be  sufficient  coupling  of  one  kind  or  anoth- 
er between  the  input  and  output  circuits  so 
that  the  input  signal  could  be  supplied 
from  the  energy  in  the  output  circuit.  If 
the  coupled  energy  is  in  phase,  that  is,  if 
the  alternations  are  in  step,  the  action  tends 
to  increase  the  signal  and  sustained  oscilla- 
tions may  result.  The  process  is  called  re- 
generation. Accidental  regeneration  is  of 
course  undesirable  in  theatre  amplifiers,  and 
it  is  avoided  by  shielding  and  separation  of 
input  and  output  circuits,  and  by  heavy 
filtering  in  the  common  power  supply  cir- 
cuits to  the  various  amplifier  stages. 

If  the  coupled  energy  is  not  in  phase, 
that  is,  is  not  in  step  with  the  original  input 
signal,  a  loss  of  gain,  or  degeneration,  takes 
place.  At  first  glance  this  seems  just  about 
as  undesirable  as  having  the  amplifier  turn 
into  an  oscillator  from  regeneration.  It 
turns  out,  though,  that  several  very  impor- 
tant advantages  appear  to  offset  the  loss  in 
gain.  Noise  originating  within  the  feed- 
back loop  is  partially  cancelled  out  by  the 
degenerative  action,  and  so  is  distortion. 
The  amplifier  operation  becomes  greatly 
more  stable,  and  is  less  affected  by  such 
things  as  the  unavoidable  variation  of  loud- 
speaker load  impedances  with  frequency. 

It   is  relatively  easy  and  not  very  expen- 


sive to  provide  in  the  amplifier  design 
sufficient  extra  gain  so  that  what  remains 
after  the  introduction  of  inverse,  or  nega- 
tive feedback  will  be  adequate  for  the  pur- 
pose the  amplifier  is  to  serve.  Virtually  all 
theatre  amplifiers  of  modern  design  are 
of  the  inverse  feedback  type,  and  a  great 
deal  of  their  excellent  performance  and 
high  efficiency  is  due  to  the  use  of  circuits 
incorporating  the  inverse  feedback  prin- 
ciple. 

7505-A  Type  Amplifiers 

The  photographs  and  schematic  wiring 
diagrams  which  illustrate  this  section  of  the 
present  article  on  theatre  amplifiers  show 
the  Motiograph-Mirrophonic  PA  and 
MA-7505-A  Amplifiers  which  are  used  in 
the  M-9-B,  M-911  and  M-911  Dual 
Sound  Systems.  The  amplifiers  are  spe- 
cifically designed  for  service  in  motion  pic- 
ture sound  reproducing  systems,  and  have 
many  design  features  which  contribute 
heavily  to  their  exceptional  suitability  for 
this  type  of  service.  The  M-9-B  and  M-911 
systems  employ  one  PA-7505-A  and  one 
MA-75  0  5-A  Amplifier,  giving  these  sys- 
tems a  rated  amplifier  output  of  20  watts. 
The  M-911 -Dual  system  has  an  additional 
MA-75  05-A  Amplifier  and  both  such  am- 
plifiers are  mounted  on  a  standard  relay 
rack  type  supporting  frame  along  with  a 
switching  panel  which  permits  either  am- 
plifier to  be  used  separately  in  the  event  of 
some  emergency  making  the  other  inoper- 
ative, or  to  be  operated  in  parallel  giving 
this  system  a  rated  output  of  40  watts. 

Next  to  good  quality  performance,  there 
is  probably  no  requirement  of  theatre  am- 
plifiers more  severe  than  that  of  reliability. 
In  all  theatre  equipment,  continuity  of 
operation  is  extremely  important.  Large 
financial  losses  may  be  incurred  very 
quickly  if  some  piece  of  equipment  fails 
to  work  when  the  house  is  full  of  people, 
and  this  is  especially  true  of  amplifiers. 
Low-cost  designs  of  the  type  used  in  much 
public  address  equipment,  and  construc- 
tion   methods   derived   from    the   manufac- 


ture  of  cheap  radio  receivers,  are  not  con- 
ducive toward  reliable  operation.  The 
relatively  small  additional  first  cost  of 
sound  systems  having  amplifiers  with  high- 
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These  considerations  have  been  applied 
in  the  design  and  manufacture  of  the 
7505-A  type  amplifiers.  Components  such 
as  resistors,  condensers,   transformers,  etc., 


Motiograph-Mirrophonic  MA-7505-A  Amplifier  with  chassis  cover  raised 


grade    components,    liberal    design    safety  are    used    well    under    the    manufacturer's 

factors,  and  rugged  construction  methods  ratings,  and  there  are  many  points  in  the 

is  an  investment  of  the  soundest  kind  for  mechanical  and  electrical  design  which  in- 

the  theatre  owner.  sure    reliable    operation    and    simple    main- 
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tcnance.  Some  of  these  will  be  brought  to 
attention  in  the  detailed  description  of  the 
amplifiers   which   concludes   this    article. 

The  noise  level  of  the  PA  and  MA- 
75  0  5-A  amplifier  combination  has  already 
been  given  in  the  discussion  of  amplifier 
noise  levels  in  general.  The  power  output 
ratings  of  20  watts  for  a  single  MA-750  5-A 
Amplifier,  and  40  watts  for  two  operating 
in  parallel  are  on  the  basis  of  single  fre- 
quency distortion  measurements  in  the  fre- 
quency range  from  5  0  to  5000  cycles,  and 
with  a  distortion  limit  of  two  percent  of 
the  rated  output  power.  This  method  of 
rating  is  that  recommended  at  present  by 
the  Research  Council  of  the  Academy  of 
Motion  Picture  Arts  and  Sciences.  The 
total  gain  of  the  amplifier  combination  is 
98  db. 

Mechanical  Design  of  PA-7505-A 
Amplifier 

The  chassis  of  the  PA-75  0  5-A  Amplifier 
is  somewhat  unconventional  in  design.  The 
usual  "bottom"  of  the  chassis  faces  out- 
ward when  the  amplifier  is  mounted  in  its 
associated  cabinet,  thus  making  all  compo- 
nents exceptionally  accessible  for  inspection 
and  servicing.  Tubes  and  input  stage  bal- 
ancing controls  occupy  the  upper  side  of 
the  chassis,  and  the  lower  side,  upon  which 
the  chassis  rests  in  the  cabinet,  is  provided 
with  insulated  openings  for  entrance  of  the 
external  connection  wires  and  cables.  Co- 
axial cables  carrying  the  output  signals 
from  the  sound  reproducers  connect  di- 
rectly to  terminals  on  the  lower  internal 
main  terminal  strip,  thus  insuring  virtually 
perfect  shielding  of  these  very  sensitive  cir- 
cuits. Additional  shielding  is  provided  by 
the  perforated  metal  chassis  cover  which 
also  protects  the  operator  from  accidental 
contact  with  the  high  voltage  amplifier 
circuits. 

The  main  volume  control  and  the 
changeover  switch  are  mounted  on  an  up- 
right bracket  at  one  corner  of  the  chassis 
with   their   shafts   horizontal   so   that   they 


may  be  turned  from  either  projector  oper- 
ating position  by  means  of  extension  con- 
trol shafts.  These  shafts,  with  part  of  their 
associated  knobs  and  dials,  may  be  seen  in 
the  photograph  showing  the  amplifier  as- 
sembled in  its  cabinet.  Both  controls  are 
of  the  high  reliable  commutator  type 
noted  for  positive  contact  and  smooth 
functioning.  Resistors  in  the  volume  con- 
trol are  standard  insulated  types,  not  fragile 
bundles  of  resistance  wire,  and  connections 
to  the  moving  contact  arms  are  made  by 
clock-spring  type  pigtails.  Contact  arm 
fingers,  and  the  commutator  segments,  are 
made  of  beryllium  copper,  one  of  the  best 
materials  yet  found  for  this  service. 

The  molded  bakelite  tube  sockets  are 
supported  by  gum  rubber  bushings;  these, 
in  conjunction  with  the  extra-flexible  wires 
to  the  socket  contacts,  provide  the  vibration 
insulation  which  is  essential  in  preventing 
the  pickup  of  mechanical  noise  by  the  am- 
plifier input  stage  tubes  acting  as  micro- 
phones. Most  of  the  smaller  resistors  and 
condensers  are  supported  by  two  long, 
multi-position  terminal  strips  in  a  single 
row.  This  results  in  a  simple  and  un- 
crowded  assembly,  and  makes  for  very 
short  and  direct  connection  leads  to  the 
various  components. 

PA-7505-A  Amplifier  Circuit  Design 

From  the  schematic  wiring  diagram  of 
the  PA-75  0  5-A  Amplifier  it  will  be  evident 
that  electrically  the  unit  consists  of  indi- 
vidual input  stages  for  each  of  two  sound 
reproducers,  and  a  common  output  stage 
working  from  the  input  stages  through  the 
changeover  switch  and  main  volume  con- 
trol potentiometer.  Alternating  current  for 
the  tube  heaters  and  direct  current  for  the 
various  plate,  screen  and  photocell  polariz- 
ing voltage  circuits  are  obtained  from  the 
associated  MA-75  0  5-A  Amplifier.  This 
procedure  allows  the  PA-75  05-A  Amplifier 
to  be  relatively  small  and  compact,  so  that 
it  occupies  but  little  projection  room  front 
wall  space  between  the  projectors,  and  also 
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insures  that  the  sensitive  input  circuits  will 
be  free  from  noise  and  hum  pickup  from 
too  closely  associated  power  supply  com- 
ponents. 

All  three  vacuum  tubes  are  type  6SJ7, 
and  the  two  tubes  comprising  the  input 
and  phase  inverter  stages  of  the  MA- 
75 0  5 -A  Amplifier  are  likewise  type  6SJ7. 
The  6SJ7  tube  is  a  standard  type  made  by 
many  different  tube  manufacturers,  and  it 
is  relatively  non-microphonic  and  very 
stable  in  characteristics.  With  so  many 
tubes  of  the  same  type  in  use  in  the  ampli- 
fier system  it  is  thus  possible  to  select  for 
use  in  the  input  stages  the  quietest  ones, 
thus  materially  aiding  in  keeping  the  sys- 
tem noise  level  at  a  low  value.  The  6SJ7 
is  a  single-ended  tube,  that  is,  all  connec- 
tions to  its  elements  come  out  through  the 
base.  This  considerably  simplifies  ampli- 
fier wiring  and  eliminates  the  need  for  long 
shielded  grid  leads  which  sometimes  pick 
up  disturbances  in  spite  of  the  shielding, 
and  occasionally  short  circuit,  causing  loss 
of  sound. 

The  steady  grid  bias  voltages  which  es- 
tablish the  proper  operating  conditions 
within  the  tubes  are  obtained  from  the  volt- 
age drop  across  resistors  connected  between 
the  tube  cathodes  and  the  negative  side  of 
the  power  supply  circuit,  which  is  at  ground 
potential.  The  voltage  drop  results  from 
the  flow  of  the  tube  plate  and  screen  cur- 
rents through  the  resistor,  and  this  causes 
the  cathode  to  be  positive  with  respect  to 
ground.  Since  the  grid  is  at  ground  poten- 
tial, as  far  as  DC  is  concerned,  this  amounts 
to  the  same  thing  as  applying  a  negative 
potential  between  cathode  and  grid,  and 
this  is  what  is  needed  for  tubes  function- 
ing as  amplifiers.  Plate  and  screen  poten- 
tials reach  tubes  via  rather  heavy  resistance- 
capacity  filter  circuits  to  prevent  regenera- 
tion in  the  common  power  supply.  Addi- 
tional resistance-capacity  filter  circuits  pro- 
vide the  virtually  perfect  direct  current 
needed  for  operation  of  the  sound  repro- 
ducer photocell  circuits,  and  lower  the 
main  power  supply  potential  from  the  200 


volts  received  from  the  MA-75  0  5-A  Am- 
plifier to  the  approximately  90  volts  re- 
quired by  the  photocells. 

Referring  again  to  the  schematic  dia- 
gram, and  confining  the  discussion  to  one 
or  the  other  of  the  input  stages  since  both 
function  in  the  same  manner,  the  weak  sig- 
nal voltages  from  the  sound  reproducer  are 
applied  to  the  input  tube  grid  through  a 
small  coupling  condenser.  The  condenser 
passes  the  alternating  signal  voltage,  but 
prevents  the  steady  bias  potential  on  the 
grid  from  reaching  the  reproducer  circuit, 
and  likewise  prevents  the  steady  potential 
in  this  circuit  from  affecting  the  grid  cir- 
cuit. The  input  stages  are  pentode- 
connected,  that  is,  have  the  tube  screen 
grid  maintained  at  a  steady  potential  by  a 
separate  connection  to  the  power  supply 
circuits,  in  order  to  take  advantage  of  the 
greater  amplification  afforded  by  this  type 
of  operation. 

The  amplified  signal  voltage  from  the 
tube  plate  circuit  reaches  the  grid  of  the 
output  tube  through  the  changeover  switch 
and  main  volume  control  potentiometer. 
Again  coupling  condensers  serve  to  prevent 
the  steady  plate  potentials  of  the  input 
stages  from  affecting  the  bias  voltage  of  the 
output  stage.  Condensers  for  this  purpose 
must  have  very  high  leakage  resistance, 
since  even  extremely  minute  leakage  cur- 
rents may  radically  affect  the  operation  of 
the  following  stage.  Throughout  the 
7505-A  type  amplifiers,  coupling  con- 
densers are  of  a  type  specially  developed 
for  war  communication  equipment.  They 
are  conventional  in  appearance,  but  the  wax 
paper  separating  the  foil  electrodes  is  extra 
high  grade,  and  the  containers  are  hermeti- 
cally sealed  against  the  entrance  of  mois- 
ture, the  usual  cause  for  excessive  leakage. 
The  test  insulation  resistance  runs  well  over 
1500  million  ohms,  a  value  entirely  ade- 
quate to  prevent  trouble  of  the  type  cited. 

Very  useful  features  of  the  PA-7505-A 
Amplifier  are  the  balancing  controls  just 
ahead  of  the  changeover  switch.  These 
permit  the  effective  gain  of  the  input  stages 
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to  be  individually  and  continuously  varied 
over  a  range  of  approximately  8  db  to  com- 
pensate for  variations  in  reproducer  exciter 


are  potentiometers  used  as  variable  resis- 
tors, and  the  circuit  arrangement  is  such 
that    in    the   rare   event   of    contact    failure 


Motiograph-Mirrophonic  PA-7505-A  Amplifier  with  chassis  cover  removed 


lamp  and  photocell  efficiencies.  The  repro- 
ducer outputs  can  thus  be  exactly  balanced 
so  that  no  main  volume  control  setting 
changes  need  be  made  at  changeover  be- 
tween feature  picture  reels.     The  controls 


within  the  potentiometers,  the  gain  comes 
to  maximum,  with  no  change  for  opening 
of  the  main  signal  voltage  circuit. 

The    output    stage    is    triode-connected, 
that  is,  all  the  tube  control  elements  except 
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the  control  grid  closest  to  the  cathode,  are 
connected  together  to  function  as  the  plate 
in  elementary  triodes.  The  stage  gain  is  less 
than  that  obtainable  from  the  pentode  con- 
nection, but  is  still  adequate  for  the  pur- 
pose, and  operation  is  more  stable  because 
of  the  lowered  plate  circuit  impedance. 
The  plate  circuit  in  fact  can  be  extended  a 
considerable  distance  by  means  of  low-ca- 
pacity coaxial  cable  to  the  associated  MA- 
75 05 -A  Amplifier (s)  without  the  need  for 
coupling  transformers  of  any  kind.  This 
coupling  system  is  the  same  as  that  em- 
ployed between  the  sound  reproducers  and 
the  input  stages,  and  it  is  so  simple  and 
direct,  having  no  intricate  components  to 
break  down  or  pick  up  disturbances,  that 
the  overall  reliability  of  the  amplifier  sys- 
tem is  very  markedly  improved. 

Mechanical  Design  of  MA-7505-A 
Amplifier 

In  the  same  manner  as  the  PA-75  05-A 
Amplifier  chassis,  the  chassis  of  the  MA- 
75  0  5-A  Amplifier  rests  on  one  side  in  its 
associated  cabinet  with  the  conventional 
"bottom"  facing  outward.  Tube  sockets 
occupy  the  upper  side,  and  larger  compo- 
nents such  as  the  power  transformer,  the 
power  supply  filter  circuit  choke  coil,  and 
the  main  filter  condensers  are  mounted  on 
the  chassis  surface  which  would  ordinarily 
be  its  "top,"  but  which  in  this  method  of 
use  becomes  the  rear  surface.  All  compo- 
nent terminals  are  inside  the  chassis;  the 
heaviest  items — the  power  transformer  and 
the  choke  coil — are  mounted  near  the  bot- 
tom to  give  mechanical  stability  to  the 
assembly,  and  the  filter  condensers  are  like- 
wise near  the  bottom  and  to  the  left  side 
well  away  from  heat  radiation  which 
might  shorten  their  lives.  Most  of  the 
smaller  components  are  mounted  on  long, 
multiposition  terminal  strips  so  that  many 
connections  are  made  by  straps  and  short,1 
direct  leads.  Longer  circuit  leads  are  cabled 
together  to  give  a  neat  appearance  to 
the  interior  wiring.  All  wiring  is  color 
coded    to    facilitate    circuit    checking    and 


maintenance. 

Connections  to  the  amplifier  are  made 
at  the  large  main  terminal  board  inside 
the  lower  edge  of  the  chassis.  In  opera- 
tion the  terminals  are  covered  by  the  metal 
panel  which  closes  the  chassis  and  supports 
the  monitor  volume  control  and  the  meter- 
ing facilities.  This  panel  is  provided  with 
hinge  arms  of  novel  design  which  permit 
it  to  be  swung  upward  and  outward  to  a 
rest  position  which  completely  exposes  the 
interior  of  the  chassis  and  all  connections. 
The  usefulness  of  this  feature  in  testing 
and  maintenance  is  almost  self-evident. 
The  panel  is  held  in  its  closed  position  by 
studs  and  a  locking  screw,  the  latter  to 
comply  with  insurance  underwriter  re- 
quirements. 

Electrical  Design  of  the  MA-7505-A 
Amplifier 

Analysis  of  the  schematic  wiring  dia- 
gram of  the  MA-7505-A  Amplifier  will 
show  that  it  consists  of  two  stages  for  the 
main  sound  circuit,  and  an  auxiliary  single 
stage  monitor  amplifier  driven  from  the 
push-pull  output  stage.  Except  for  the 
push-pull  output  transformer,  all  coupling 
is  by  means  of  resistance-capacity  net- 
works, and  the  inverted  phase  signal  volt- 
age required  at  the  grid  of  the  second  push- 
pull  output  tube  is  obtained  from  a  triode- 
connected  6SJ7  tube  functioning  as  a 
phase  inverter  stage.  The  phase  must  be 
inverted,  or  "out  of  step"  with  the  grid 
voltage  of  the  first  tube  so  that  the  signal 
currents  from  the  two  tubes  will  properly 
combine  in  the  output  transformer. 

The  signal  voltage  appearing  in  the  plate 
circuit  of  any  tube  functioning  as  an  am- 
plifier is  reversed  in  phase  with  respect  to 
the  signal  voltage  in  the  grid  circuit  be- 
cause it  is  produced  by  the  varying  plate 
current  flowing  through  some  kind  of  a 
coupling  impedance,  for  example,  a  resis- 
tor. As  the  current  increases  in  response 
to  the  upswing  of  grid  voltage,  the  voltage 
between  plate  and  tube  cathode  falls  due 
to  the  increasing  voltage  drop  in   the  re- 
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sistor;  when  the  grid  voltage  swings  nega- 
tive, with  a  corresponding  decrease  in  plate 
current,  the  plate  voltage  rises  because  of 
the  decreased  voltage  drop.  This  action 
accounts  for  the  phase  reversal. 

The  input  tube  in  the  MA-750  5-A  Am- 
plifier amplifies  the  signal  applied  to  its 
grid,  and  the  larger  signal  voltage  appear- 
ing in  its  plate  circuit  is  applied  to  the  grid 
of  the  first  push-pull  output  tube  via  the 
usual  coupling  condenser.  Part  of  this 
voltage  is  tapped  off  the  grid  resistance  of 
this  tube  and  applied  to  the  grid  of  the 
phase  inverter  tube,  the  amount  being  just 
sufficient  so  that  the  amplified  signal  in  the 


plate  circuit  of  the  latter  tube  will  be  equal 
in  magnitude,  though  opposite  in  phase,  to 
that  from  the  input  tube.  This  reversed- 
phase  signal  is  then  fed  to  the  grid  of  the 
second  push-pull  output  tube  via  a  cou- 
pling condenser. 

There  are  other  methods  of  obtaining 
the  out-of-phase  signal  voltages  required 
for  push-pull  amplifier  stages,  for  example, 
using  a  coupling  transformer  with  a  cen- 
ter-tapped secondary  winding.  Such  trans- 
formers must  be  very  well  designed,  how- 
ever, and  must  be  thoroughly  shielded  to 
prevent  difficulties  from  hum  and  noise 
pickup  from  stray  magnetic  fields.  By  con- 
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trast,  the  tube-type  phase  inverter  arrange- 
ment is  almost  immune  to  such  difficulties, 
and  requires  only  a  few  relatively  rugged 
and   reliable  components. 

All  stages  in  the  MA-75  0  5-A  Amplifier 
are  self-biased  by  means  of  resistances  in- 
serted in  their  cathode  circuits.  If  these 
resistances  are  not  shunted  by  condensers 
of  considerable  capacity  some  degenerative 
action,  or  inverse  feedback,  takes  place 
within  the  stage,  for  they  are  common  to 
both  plate  and  grid  circuits.  As  has  been 
noted,  plate  signal  voltages  are  out  of  phase 
with  respect  to  grid  signal  voltages,  and 
hence  tend  to  cancel  out  part  of  the  stage 
gain.  Where  gain  is  not  the  objective,  this 
may  be  beneficial  because  of  the  improved 
stability  resulting  from  this  feedback.  The 
phase  inverter  stage  cathode  resistor  is 
unbypassed  for  this  reason,  and  the  cathode 
resistor  for  the  input  stage  is  not  only  un- 
bypassed, but  is  used  as  a  coupling  element 
to  introduce  feedback  potentials  from  the 
amplifier  output  transformer  secondary 
winding  into  the  grid  circuit  of  this  stage. 
The  feedback  circuit  will  be  covered  in 
greater  detail  in  the  discussion  of  the  am- 
plifier's frequency  response  adjusting 
facilities. 

The  grid  circuit  of  the  input  stage  in- 
cludes a  voltage  divider  circuit  for  balanc- 
ing the  gain  of  paralleled  amplifiers.  The 
gain  may  be  reduced  a  maximum  of  6  db 
in  2  db  steps.  There  is  also  an  undersized 
grid  coupling  condenser  which  may  be  con- 
nected in  place  of  the  regular  condenser 
to  cause  the  low-frequency  response  of  the 
amplifier  to  fall  off  when  this  kind  of 
response  characteristic  is  needed. 

The  output  transformer  secondary  wind- 
ing has  taps  to  give  an  amplifier  output 
impedance  of  cither  16  or  32  ohms  so  that 
one  amplifier  or  two  amplifiers  in  par- 
allel may  be  directly  connected  to  stage 
loudspeaker  equipment  of  16  ohms  input 
impedance  without  auxiliary  impedance 
matching  transformers.  The  power  in  the 
output  circuit   is  represented   by  relatively 


high  current  and  relatively  low  voltage.  An 
extension  of  the  transformer  secondary 
winding  to  approximately  5  00  ohms  impe- 
dance provides  additional  voltage  to  enable 
the  monitor  stage  to  be  driven  to  full  out- 
put even  when  the  main  signal  output  is 
low.  This  extension  winding  is  very  lightly 
loaded  by  the  200,000  ohm  grid  circuit 
volume  control  potentiometer  of  the  moni- 
tor stage.  There  is  thus  hardly  any  of 
the  main  amplifier  output  power  used  for 
monitor  operation,  and  also  no  reaction  of 
this  control  setting  on  the  main  ouput 
circuit. 

The  monitor  stage  is  conventional  in 
design;  the  tube  used  is  the  6K6,  a  some- 
what smaller  power  tube  than  the  type 
6L6  tubes  employed  in  the  main  am- 
plifier output  stage.  The  monitor  stage 
is  intended  to  serve  the  Motiograph- 
Mirrophonic  SE-75  01  Monitor  Loud- 
speaker which  includes  the  output  trans- 
former for  the  stage. 

The  power  supply  circuits  are  also  con- 
ventional in  design  except  for  the  metering 
facilities  in  the  plate  circuits  of  the  push- 
pull  output  tubes,  and  for  the  exceptionally 
heavy  filtering.  The  rectifier  tube  is  the 
standard  heavy  duty  full  wave  type  5Z3. 
Its  output  current  enters  the  resistance- 
capacity  filtering  network  via  a  large  choke 
coil.  The  filter  network  supplies  direct 
current  at  the  proper  voltages  and  with  an 
appropriate  degree  of  filtering  to  the  var- 
ious vacuum  tube  circuits,  and  also  sup- 
plies the  extension  plate  voltage  supply  cir- 
cuit to  the  associated  PA-750  5-A  Ampli- 
fier. The  main  power  transformer  has 
secondary  windings  to  serve  the  rectifier 
tube,  and  separate  secondaries  for  the  am- 
plifier tube  heater  circuits  including  the 
extension  heater  circuit  to  the  PA-7505-A 
Amplifier.  The  primary  winding  is  pro- 
vided with  taps  to  accommodate  average 
power  line  voltages  from  105  to  12  5  volts. 
The  primary  circuit  includes  a  switch  lo- 
cated on  the  top  surface  of  the  amplifier 
chassis    for   convenience    in    servicing,    and 
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a  special  fuse  block  and  fuse,  with  spare 
fuse  holder,  to  protect  the  amplifier 
against  accidental  overloads  which  might 
be  occasioned  by  tube  or  other  component 
failure. 

All  major  filter  condensers  in  both  PA 
and  MA-7505-A  Amplifiers  are  of  the 
same  type,  double  8  microfarad  units  of 
475  volt  rating.  The  maximum  circuit 
voltage  encountered  is  in  the  order  of  3  50 
volts,  so  it  is  evident  that  the  design  al- 
lows for  a  liberal  margin  of  safety.  The 
use  of  a  single  condenser  type  for  all  cir- 
cuit positions  greatly  simplifies  mainte- 
nance problems,  and  allows  for  continued 
amplifier  operation  even  in  the  event  of 
failure  of  one  or  more  individual  con- 
denser sections. 

A  continuous  check  on  the  functioning 
of  the  push-pull  output  stage  is  afforded 
by  the  front  panel  plate  current  milliam- 
meter  and  its  associated  push  button 
switches.  From  inspection  of  the  sche- 
matic diagram  it  may  be  seen  that  the 
meter  normally  indicates  the  sum  of  the 
plate  currents  of  the  output  stage  tubes. 
Depressing  the  button  of  the  same  marking 
as  the  individual  tube  to  be  checked  shunts 
the  plate  current  of  the  other  tube  around 
the  meter  so  that  it  thus  indicates  the 
individual  tube  plate  current.  This  permits 
the  output  stage  to  be  accurately  balanced 
by  selection  of  tubes,  and  the  meter  read- 
ings are  a  check  on  tube  condition  and  on 
the  performance  of  the  rectifier-filter 
circuit. 

Feedback  and  Frequency  Response 
Equalization 

Many  of  the  early  theatre  amplifiers  had 
flat  frequency  response  characteristics,  that 
is,  all  of  the  various  frequencies  making  up 
the  complex  signal  were  amplified  equally. 
What  is  desired,  however,  is  an  overall 
system  characteristic  which  will  result  in 
the  best  possible  sound  quality  in  the 
theatre  auditorium  from  the  stage  loud- 
speakers, taking  into  account  the  nature  of 


the  film  recording  characteristic,   the   per- 
formance  of    the    loudspeakers    themselves, 


Rack   mounted   amplifier  equipment  of 

Motiograph  -  Mirrophonic   M-911-Dual 
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auditorium  acoustical  conditions,  and  vari- 
ous other  factors.  With  flat  amplifiers  the 
required  system  response  must  be  estab- 
lished by  appropriate  filter  networks  either 
ahead  of  the  amplification  or  following  it. 
These  add  appreciably  to  the  complexity  of 
the  sound  system,  and  may  have  an  adverse 
effect  on  the  signal  to  noise  ratio  if  they 
are  improperly  located  in  the  sound  circuits. 

The  trend  in  modern  theatre  amplifiers 
is  toward  making  the  amplifier  circuits 
perform  the  necessary  frequency  response 
equalization.  If  this  is  done  in  the  final  am- 
plifier stages,  an  improvement  in  the  signal 
to  noise  ratio  results  because  the  required 
drooping  high  frequency  response  charac- 
teristic acts  to  attenuate  the  high  frequen- 
cy components  of  random  noise  voltages 
originating  in  the  input  stages.  Only  a  few 
additional  components  in  the  amplifier  are 
required,  and  it  is  relatively  easy  to  make 
the  response  characteristic  adjustable  over 
a  fairly  wide  range  so  that  the  sound  sys- 
tem may  be  exactly  equalized  to  suit  the 
acoustical  qualities  of   the  auditorium. 

In  the  discussion  on  feedback  it  was 
brought  out  that  feedback  acts  to  reduce 
the  gain  of  the  stage,  or  stages,  within  the 
feedback  loop.  If  the  feedback  circuit  is 
now  arranged  to  have  a  transmission  char- 
acteristic which  is  not  flat  with  respect 
to  frequency,  the  response  of  the  complete 
amplifier  to  different  frequencies  will  be 
affected  in  an  inverse  manner.  At  frequen- 
cies where  the  amount  of  feedback  is 
small,  the  amplifier  response  will  be  high, 
and  conversely,  at  frequencies  where  the 
amount  of  feedback  is  large,  the  amplifier 
gain  will  be  low.  It  is,  of  course,  neces- 
sary to  see  that  there  is  sufficient  feedback 
at  all  transmitted  frequencies  to  insure 
that  the  benefits  it  is  capable  of  producing 
are  realized. 

Frequency  response  controlling  facilities 
in  the  MA-7505-A  Amplifier  are  of  the 
type  just  described.  Feedback  voltage  is 
secured  from  the  32  ohm  tap  of  the  output 
transformer  secondary  winding,  and  it  is 
applied    to    the    input    stage    grid    circuit 


across  the  cathode  resistor  for  this  stage.  A 
large-capacity  series  condenser  prevents  the 
short-circuiting  of  the  grid  bias  voltage  de- 
veloped in  this  resistor,  but  does  not  inter- 
fere with  transmission  of  the  feedback 
voltages.  Rising  high  frequency  response 
characteristics  are  produced  by  shunting 
to  ground  part  of  the  feedback  voltages 
through  small  condensers  tapped  to  a  suit- 
able point  on  the  series  resistor  group 
which  establishes  the  amount  of  feedback. 
The  basic  H.F.  response  curves  obtained  in 
this  manner,  and  the  normal  H.F.  response 
curve  obtained  with  no  shunt  condensers 
may  be  modified  downward  by  means  of 
the  adjustable  resistance-capacity  network 
in  the  plate  circuit  of  the  input  tube. 

A  rising  low  frequency  response  is  se- 
cured by  connecting  small  series  conden- 
sers in  the  feedback  loop.  Various  degrees 
of  falling  L.F.  response  are  secured  by 
combining  this  effect  with  the  extreme  fall 
in  L.F.  response  produced  by  substituting 
for  the  regular  input  coupling  condenser 
the  undersize  unit  previously  mentioned. 

With  none  of  the  adjusting  facilities  in 
use,  the  normal  response  of  the  750S-A 
amplifiers,  operating  with  SH-7500  Motio- 
graph-Mirrophonic  Reproducers,  and  with 
specified  lengths  of  connection  cable  be- 
tween reproducers  and  amplifiers,  is  ap- 
proximately correct  for  the  Motiograph- 
Mirrophonic  loudspeaker  equipment  used 
in  current  sound  systems  when  they  are 
installed  in  auditoriums  with  reasonably 
good  acoustical  qualities.  The  response  is 
established  by  the  reproducer  characteris- 
tics, the  effects  of  connection  cable  ca- 
pacity, and  by  the  general  circuit  design 
of  the  amplifiers.  It  is  virtually  flat  from 
5  0  to  about  3,000  cycles  per  second,  and 
rolls  off  at  an  increasing  rate  thereafter  to 
be  about  15  db  down  at  8,000  cycles. 
From  good  quality  film  recordings  this 
electrical  characteristic  gives  reproduced 
music  of  excellent  tonal  balance,  pleasing 
and  natural  reproduction  of  speech,  and 
very  realistic  rendition  of  sound  effec 
and  other  incidental  sounds. 
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Loudspeaker  Equipment 

Its  Application  in  theatre  Sound  Systems 

By  GEORGE  RAY 


Modern  theatre  sound  reproducing  sys- 
tems can  be  divided  into  three  main  groups 
of    components: 

1.  The  mechanical  portion — the  sound 
reproducers,  familiarly  called  "sound 
heads." 

2.  The  amplification  system. 

3.  The  loudspeaker  system. 

Sound  reproducers  are  combination  me- 
chanical, optical  and  electrical  devices 
which  produce  an  electrical  signal  voltage 
varying  in  magnitude  and  frequency  in  a 
manner  corresponding  to  the  light  trans- 
mission characteristics  of  the  recorded 
sound  track  on  the  moving  sound  film. 
This  signal  voltage  is  used  to  control  the 
action  of  the  amplification  system,  which 
produces  relatively  large  electrical  currents 
varying  in  like  manner.  These  currents  are 
carried  by  means  of  wires  to  the  loud- 
speaker system  on  the  theatre  stage,  and  it 
is  the  function  of  this  latter  equipment  to 
convert  the  electrical  energy  represented 
by  these  currents  into  sound  energy  and 
properly  distribute  it  over  the  seating  area 
of  the  theatre. 

In  the  following  paragraphs  we  will  at- 
tempt, in  relatively  non-technical  language, 
to  show  how  a  modern  loudspeaker  system 
functions,  as  well  as  the  various  factors  in- 


volved in  the  design  and  manufacture  of 
systems  capable  of  delivering  to  theatre  pa- 
trons faithful  reproductions  of  the  sounds 
associated  with  the  original  picture  action. 

The  Two- Way  Loudspeaker  System 

All  modern  theatre  sound  reproducing 
systems  made  by  the  major  manufacturers 
employ  what  is  known  as  the  two  way  loud- 
speaker system.  Such  loudspeaker  systems, 
when  made  up  of  well  designed  and  care- 
fully manufactured  components,  give  vast- 
ly superior  sound  performance  to  the  loud- 
speaker systems  of  the  one-way  variety 
utilized  in  most  home  radios  and  in  many 
old  style  theatre  sound  reproducing  systems. 
The  two-way  loudspeaker  system  con- 
sists of  the  following  major  components: 
One  dividing  network  (also  known  as  a 

"crossover"  network) 
One  or  more  high  frequency  speaker  units 
One  or  more  low  frequency  speaker  units 
One  or  more  high  frequency  horns 
One  or  more  low  frequency  folded  horns 

or  baffles. 
In     systems     utilizing     electro-dynamic 
high  and  low  frequency  speaker  units,  one 
or  more  power  units  might  also  be  classed 
as  being  part  of  the  loudspeaker  system. 
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Function  of  the  Dividing  Network 

The  electrical  energy  from  the  sound  sys- 
tem amplifiers  is  divided  into  high  and  low- 
frequency  portions  by  a  simple  electrical 
niter,  commonly  referred  to  as  a  "dividing" 
or  "crossover"  network.  By  the  frequency 
discriminating  action  of  coils  and  condens- 
ers, the  lower  frequencies  are  diverted  into 
the  low  frequency  channel,  and  the  higher 
frequencies  are  similarly  diverted  into  the 
high  frequency  channel.  The  frequency  at 
which  the  two  channels  receive  equal 
amounts  of  energy  is  called  the  "crossover" 
frequency,  because  for  a  continuously  vary- 
ing tone  the  sound  output  would  appear  to 
"cross  over"  from  one  channel  to  the  other 
at  this  frequency. 


Where  there  are  neither  size  nor  cost  lim- 
itations on  the  high  frequency  speaker  as- 
sembly, the  crossover  frequency  is  usually  in 
the  order  of  300-500  cycles,  since  both  the 
low  frequency  and  high  frequency  channels 
can  be  made  to  have  good  performance  in 
this  region.  Where  there  are  space  and  cost 
limitations  for  the  high  frequency  speaker 
assembly,  the  crossover  frequency  is  usually 
selected  to  be  in  the  range  of  500-1200  cy- 
cles so  that  the  high  frequency  horn  can  be 
smaller  in  size. 

High  and  Low  Frequency 
Speaker  Units 

All  loudspeaker  units  (i.e.,  high  and  low 
frequency  units  and  monitor  speaker  units) 
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commonly  used  in  theatre  sound  systems 
operate  on  the  same  principle.  A  coil  of 
wire,  placed  in  a  magnetic  field  and  carry- 
ing an  electrical  current  varying  in  magni- 
tude and  direction  of  flow,  will  tend  to 
travel  in  a  direction  and  to  a  degree  pro- 
portional to  the  direction  of  current  flow 


can  faithfully  follow  the  very  rapid  current 
variations  in  the  attached  coil  (commonly 
called  the  "speech"  or  "voice"  coil).  At 
the  lower  frequencies,  however,  for  a  given 
amount  of  power  the  diaphragm  range  of 
travel  is  so  great  that  unless  the  diaphragm 
or  cone  is  made  heavy  and  rugged,  it  will  be 


High  and  low  frequency  speaker  units  used  in  Motiograph-Mirrophonic  Sound 

System   models 


and  the  current  magnitude.  If  this  moving 
coil  is  attached  to  a  diaphragm  or  a  paper 
cone,  the  air  in  the  vicinity  of  the  diaphragm 
or  cone  will  alternately  be  compressed 
("squeezed")  and  rarified  ("stretched")  by 
the  movement  of  the  diaphragm  or  cone. 
These  regions  of  "squeezed"  and 
"stretched" air  moveoutward  fromthemov- 
ing  diaphragm  or  cone  and  constitute  the 
"sound  waves"  to  which  our  ears  respond. 
To  reproduce  the  higher  frequencies,  the 
moving  diaphragm  of  the  high  frequency 
unit  should  be  small  and  light   so  that   it 


capable  of  converting  only  a  small  amount 
of  electrical  energy  into  sound  energy. 

These  conflicting  requirements  can,  of 
course,  be  compromised  to  some  extent  by 
restricting  either  the  amount  of  power  to  be 
handled  or  by  accepting  a  limited  range  of 
frequency  response  in  a  unit  which  must 
reproduce  both  high  and  low  frequencies, 
either  of  which  is  undesirable.  In  the  two- 
way  loudspeaker  systems  this  necessity  for 
compromise  is  eliminated. 

The  metal  diaphragm  of  the  high  fre- 
quency unit  must  be  well  designed,  manu- 
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factured  and  tested  to  give  maximum  per- 
formance. It  is  really  surprising  when 
acoustical  measurements  are  made,  to  note 
what  a  vast  difference  there  is  in  the  per- 
formance of  the  various  metal  diaphragms. 
Where  molded  plastic  diaphragms  are  util- 
ized, measurements  of  performance  clearly 
show  they  are  far  less  satisfactory  than 
metal  ones  due  to  their  large  irregularities 
in  response  to  different  frequencies.  Thus, 
what  appears  to  be  an  insignificant  item 
is  really  an  important  factor  in  obtaining 
quality  sound  performance. 


waves"  which  come  from  the  back  of  the 
cones  in  such  a  manner  that  they  add  to 
the  "sound  waves"  coming  from  the  front 
of  the  cones.  The  combination  of  a  bass- 
reflex  enclosure,  a  large  and  efficient  low 
frequency  speaker  unit,  and  medium  sized 
flatwing  baffles  makes  a  very  good  low  fre- 
quency channel  for  small  and  medium 
sized  theatres. 

The  action  of  horns  in  intensifying  and 
directing  sound  is  familiar  to  everyone. 
Various  musical  instruments  such  as  cor- 
nets   and    tubas    are    examples.     Actually, 
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Disassembled    Motiograph-Mirrophonic    standard    high    frequency    unit 


Baffles  and  Low  Frequency  Horns 

Low  frequency  speaker  units  by  them- 
selves cannot  properly  reproduce  all  the  low 
frequencies,  so  they  are  usually  associated 
with  various  types  of  baffles  or  horns,  cus- 
tomarily constructed  of  plywood  braced  and 
reinforced  toprevent  vibration  and  warping. 

One  type  utilized  in  sound  systems  de- 
signed for  small  and  medium  sized  thea- 
tres is  known  as  the  "bass-reflex-baffle." 
The  bass-reflex  baffle  is  a  box  that  encloses 
the  rear  of  the  cone  of  the  low  frequency 
speaker  unit.  The  face  of  the  cone,  of 
course,  is  not  covered  and  there  is  also  an 
additional  opening  in  the  face  of  the  box 
above  or  below  the  cone.  The  bass-reflex 
baffle,  in  effect,  twists  part  of  the  "sound 


horns  are  "coupling"  devices,  for  by  means 
of  their  confined  column  of  air  they  enable 
a  small  diaphragm  or  cone  at  the  throat 
end  to  set  in  motion  a  large  mass  of  air  at 
the  mouth  end.  The  lowest  frequency  a 
horn  can  efficiently  reproduce  depends  up- 
on the  size  of  the  mouth  opening  and  upon 
the  length  and  shape  of  the  confined  air 
column.  Horns  to  reproduce  frequencies  as 
low  as  40  to  50  cycles  must  be  very  large. 
In  order  to  conserve  stage  space,  the 
throat  portions  of  such  horns  are  usually 
folded.  Well  designed  folded  horns  are 
among  the  most  efficient  types,  and  they 
can  be  designed  so  that  there  is  very  little 
sound  emitted  at  the  rear  to  cause  trou- 
blesome reflections  from  stage  walls.    One 
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or  more  folded  horns  arc  usually  utilized 
in  loudspeaker  systems  designed  for  use 
in  the  larger  theatres. 

The  High  Frequency  Horn 

A  high  frequency  horn,  a  high  frequency 
speaker  unit  and  a  horn  throat  constitute  a 


rials,  the  better  quality  high  frequency  cel- 
lular horns   are   usually  made  of  metal. 

Necessity  of  Matched  Units 

Now  that  the  function  and  make-up  of 
the  individual  components  of  a  two-way 
loudspeaker  system   has   been    explained,   it 
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Disassembled  standard  low  frequency  speaker  unit   (18"  diameter)  of  Motiograph- 
Mirrophonic  Sound  System  line 


complete  assembly  that  reproduces  the  high 
frequencies  of  the  sound  originally  photo- 
graphed on  the  film.  Since  the  high  fre- 
quency horn  does  not  have  to  reproduce  the 
long  wave  length  low  frequency  sounds,  it 
can  be  relatively  small  in  dimensions.  To 
obtain  good  high  frequency  distribution,  a 
number  of  these  small  horns  can  be  con- 
nected to  a  common  throat  and  be  angled 
in  various  directions  to  provide  virtually 
uniform  distribution  of  the  high  frequency 
sound  energy  over  the  seating  area.  Sub- 
stantially equal  results  can  be  secured  by 
dividing  a  single  larger  horn  into  cells  with 
metal  partitions  of  the  proper  shape  and 
dimensions.  Since  the  higher  frequency 
sounds  tend  to  be  absorbed  by  soft  mate- 


is  important  that  they  be  considered  as  a 
group  to  obtain  a  complete  understanding 
of  the  two-way  loud  speaker  system. 

While  the  principle  of  operation  of  loud- 
speaker equipment  is  simple,  it  is  a  very 
difficult  and  complicated  job  to  produce 
loudspeaker  equipment  which  will  efficient- 
ly convert  a  wide  range  of  electrical  fre- 
quencies into  sound  energy,  particularly 
where  considerable  amounts  of  energy  are 
needed  to  make  the  sound  loud  enough  to 
hear  comfortably  over  a  considerable  area. 

Low  frequency  sounds  from  either  horns 
or  baffles  are  relatively  non-directional, 
that  is,  they  spread  out  fairly  well  all  over 
the  area  in  front  of  the  horn  or  baffle.  This 
is,  unfortunately,  not  true  of  the  higher  fre- 
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quencics;  they  tend  to  be  confined  along  the 
axis  of  the  speaker  unit  in  the  baffle,  or 
along  the  longitudinal  axis  of  the  horn. 
Anyone  can  verify  this  by  noting  how  much 
more  crisp  and  clear  the  quality  is  directly 
in  front  of  a  radio  set  speaker  than  it  is 
some  distance  off  to  the  side.  In  theatre 
work,  where  the  aim  is  to  provide  good 
sound  quality  at  every  seat,  this  problem 
of  high  frequency  distribution  is  very  im- 
portant. Two-way  loudspeaker  systems  solve 
this  distribution    problem,   in   addition     to 


eliminating  the  need  for  compromising  the 
efficiency  of  speaker  units  to  enable  them  to 
reproduce  both  high  and  low  frequencies. 

What  to  Look  For  in  Buying 

The  lack  of  facilities  and  technique  for 
checking  up  on  the  performance  of  loud- 
speaker equipment  in  the  field  leaves  a  way 
open  for  sound  system  manufacturers  to 
skimp  on  loudspeaker  equipment  and  yet 
claim  the  system  to  be  suitable  for  large 
theatres  because  of  the  power  rating  of  the 


Rear  view  of  lowest  cost  Motiograph-Mirrophonic  loud  speaker  system,  employing 
bass-reflex   cabinet  with    wings,   one   high   and   one   low   frequency    unit   and   a   five 

cell  multicellular  horn 
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amplifiers.  It  thus  behooves  the  prospective 
purchaser  of  theatre  sound  equipment  to 
thoroughly  check  into  the  types  and  quan- 
tities of  loudspeaker  equipment  included 
in  the  various  systems  being  offered.  Quite 


to  permit  the  use  of  full  amplifier  power 
without  danger  of  damage  to  the  units,  and 
without  having  the  units  operating  so  near 
their  over-load  points  as  to  produce  distor- 
tion even  more  detrimental  to  good  sound 


Front  view  of  low  cost  Motiograph-Mirrophonic  loud  speaker  system 


often  the  only  differences  in  numerous  mod- 
els of  a  sound  system  line  are  in  the  number, 
size  and  quality  of  the  components  com- 
prising the  loudspeaker  equipment  included. 
In  general,  the  loudspeaker  equipment  of 
a  really  satisfactory  sound  system  must  in- 
clude a  sufficient  number  of  both  high 
frequency  and  low  frequency  speaker  units 


quality  than  any  distortion  originating  in 
the  amplifiers.  The  relationship  between  the 
number  of  high  frequency  and  low  fre- 
quency speaker  units  must  be  such  that  the 
acoustical  output  of  the  equipment  is  well 
balanced,  and  the  overall  efficiency  kept 
high  by  good  design  and  careful  manufac- 
ture so  that  the  maximum  amount  of  elec- 
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Front     view     of     loud     speaker     system 

(Motiograph-Mirrophonic  M-911  Dual 

and   M-ll    Dual) 


trical  energy  from  the  amplifiers  will  be 
converted  into  sound  energy.  The  equip- 
ment must  be  capable  of  efficiently  repro- 
ducing all  of  the  frequency  range  recorded 
on  the  sound  films,  and  the  horns  and 
baffles  included  must  be  able  to  adequately 
distribute  the  sound  energy  to  every  seat 
in  the  theatre. 

Permanent  Magnets  and 
Electro-Magnets 

It  was  previously  stated  that  the  func- 
tioning of  all  commonly  used  loudspeaker 
units  depends  upon  the  interaction  be- 
tween the  fluctuating  magnetic  field  pro- 
duced by  the  sound  currents  flowing  in 
the  unit's  voice  coil,  and  a  steady  magnetic 
field  in  which  the  voice  coil  is  placed.  This 
steady  field  may  be  produced  by  permanent 
magnets  or  by  electro-magnets,  which  are 
coils  of  wire  carrying  direct  current,  and 
wound  over  soft  iron  cores  to  confine  and 
direct  the  magnetic  force  around  the  voice 
coil.  The  direct  current  is  usually  supplied 
from  the  same  rectifier-filter  device 
("power  unit")  which  furnishes  direct  cur- 
rent for  operation  of  the  sound  reproducer 
exciter  lamps,  although  in  a  few  of  the 
larger  sound  systems  an  auxiliary  power 
unit  is  provided  for  this  purpose. 

Evolution  of  Two-Way  Systems 

Most  of  the  early  theatre  sound  systems 
fed  the  entire  amplifier  output  into  medium 
sized  cone  speakers  mounted  in  flat  baffles, 
or  into  diaphragm  type  units  mounted  on 
large  horns.  The  results  were  reasonably 
satisfactory  at  the  time,  for  the  frequency 
range  then  being  recorded  on  the  film  was 
seriously  restricted  by  various  imperfections 
in  the  recording  equipment  and  in  the  film 
itself,  and  the  trend  toward  higher  amplifier 
power  for  increased  screen  realism  had  not 
yet  been  developed.  With  the  advent  of 
better  quality  recording,  these  inadequate 
speaker  systems  became  the  limiting  factor 
in  improving  theatre  sound  quality.  The 
modern  two-way  loudspeaker  systems  were 
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therefore  developed  in  which  the  energy 
from  the  amplifier  is  divided  electrically 
into  low  frequency  and  high  frequency  por- 
tions, with  these  portions  then  being  fed 
to  appropriately  designed  units  for  convert- 
ing each  portion  efficiently  into  sound 
energy.  Radical  improvements  in  perform- 
ance result,  and  virtually  all  of  the  good 
quality  modern  loudspeaker  systems  are 
constructed   on   this   "two-way"   principle. 


tus  here,  and  modifying  that  piece  of  appa- 
ratus there,  in  an  old  sound  system  is  cer- 
tainly an  unwise  one,  for  it  is  obviously 
impossible  in  this  manner  to  secure  the  well 


Front  view  of  32  cell  multicellular  horn 

The  first  two-way  loudspeaker  systems 
employed  as  high  frequency  units  the  same 
types  which  were  previously  used  to  re- 
produce, after  a  fashion,  the  whole  range 
of  frequencies  then  being  recorded.  While 
these  systems  were  superior  to  the  old  single 
channel  types,  very  much  improved  per- 
formance was  later  obtained  by  designing 
both  low  frequency  and  high  frequency 
units  for  best  efficiency  and  lowest  distor- 
tion in  the  frequency  range  to  be  covered  by 
each.  Low  frequency  units  could  be  made 
large  in  size  and  rugged  in  construction, 
while  specially  designed  high  frequency 
units  with  very  light  but  rigid  metal  dia- 
phragms, self-supporting  voice  coils,  and 
very  small  clearances  for  high  efficiency  and 
low  distortion  became  available. 

Modification  Undesirable 

The  practice  of  adding  this  bit  of  appara- 


Rear  view  of  loud  speaker  system,  with 
standard  equipment  of  Motiograph-Mir- 
rophonic  Models  M-911  Dual  and  M-ll 
Dual — folded  horn,  two  low  frequency 
and  two  high  frequency  units,  and  32 
cell   multicellular  horn 
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balanced  and  matched  performance  of 
completely  new  equipment.  It  is  likewise 
risk\  to  attempt  the  replacement  of  com- 
plete groups  of  components,  such  as  repro- 
ducers, amplifiers  and  loudspeaker  equip- 
ment.   In  almost  every  case  where  this  has 


At  the  present  time,  Academy  recom- 
mendations for  the  proper  size  sound  sys- 
tem for  a  theatre  of  given  seating  capacity 
are  based  upon  the  electrical  energy  output 
of  the  system's  amplifiers  at  two  percent 
distortion.     The    recommendations    assume 


Side  view  of  32  cell  multicellular  horn  with  double  horn  throat  and  two  high 

frequency  units 


been  tried  the  results  have  been  decidedly 
inferior  to  those  obtainable  from  a  well  de- 
signed and  properly  matched  complete 
sound  system,  because  it  usually  proves  im- 
possible to  adjust  exactly  the  operation  of 
the  old  equipment  to  give  the  best  possible 
performance  from  the  new.  Rejuvenation 
of  theatre  sound  systems  is  seldom  any 
more  successful  than  similar  operations  on 
the  folks  who  own  and  operate  them. 


that  the  sound  system's  loudspeaker  equip- 
ment will  be  at  least  as  efficient  (that  is 
will  have  as  much  acoustical  energy  output 
per  unit  of  electrical  energy  input)  as  were 
those  of  the  good  quality  sound  systems 
which  were  used  for  the  extensive  listening 
tests  upon  which  the  recommendations  are 
based.  It  would  be  better,  of  course,  if  the 
ratings  could  be  based  directly  upon  meas- 
urements  of    the   actual   acoustical  energy 
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coming  from  the  speaker  systems,  for  it  is 
this  the  audience  really  hears,  but  unfor- 
tunately it  is  exceedingly  difficult  to  make 
such  measurements  under  field  conditions 
and  have  them  bear  any  relationship  to 
similar  measurements  made  under  a  differ- 
ent set  of  conditions. 

Need  of  Matched  Sound  Equipment 

Important  as  is  the  design  of  individual 
component  items  in  loudspeaker  equipment 
it  is  far  more  important  to  good  perform- 
ance that  all  components  be  designed  and 
manufactured  so  that  they  will  work  to- 
gether properly.  Furthermore,  it  is  equally 
important  that  the  loudspeaker  equipment 
be    suitablv    matched    to    the    rest    of    the 


sound  system,  particularly  in  the  respect  of 
being  able  to  handle  the  full  power  output 
of  the  amplifiers  without  excessive  distor- 
tion and  possibility  of  damage  to  the  loud- 
speaker units.  It  must  also  be  capable  of 
properly  distributing  the  sound  energy 
evenly  over  the  theatre  seating  area. 

It  is  only  through  including  in  the  sound 
system  well  designed  and  quality  built 
reproducers,  amplifiers  and  loudspeaker 
equipment  that  the  theatre  audience  can 
hear  sounds  as  the  studio  director  and  tech- 
nicians conceived  them.  Inadequate  sound 
reproduction  can  ruin  an  otherwise  excel- 
lent picture,  whereas  sound  properly  re- 
produced adds  greatly  to  the  entertainment 
value  of  the  motion  picture's  action — and 
that  pays  dividends  at  the  boxoffice. 


'When  you  sold  me  this  theatre  you  told  me  it  was  a  going 
business." 
"Well,  it's  gone,  isn't  it?" 
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Altec  luine  of  loudspeaker  Equipment 


By  FRED  C.  MATTHEWS 


A  major  development  in  sound  repro- 
duction by  Altec  Lansing  Corporation  is  a 
group  of  loudspeaker  systems  known  as 
"The  Voice  of  the  Theatre." 

There  are  different  models  of  this  loud- 
speaker system  line  utilizing  high  and  low 


frequency  units,  high  frequency  multicell- 
ular horns,  and  the  same  type  of  low  fre- 
quency horns,  so  the  quality  of  the  equip- 
ment furnished  for  smaller  and  medium- 
sized  theatres  is  identical  to  that  furnished 
for  the  very  largest. 


High  Frequency  Speaker 
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COMPONENTS  AND  DIMENSIONS  OF  LOUDSPEAKER  SYSTEMS 


Model  No. 

No.  of  i 

800 

1 

A-5 

1 

A-4 

2 

A-4X 

2 

A-2 

4 

A-l 

6 

A-2X 

4 

A-1X 

6 

No.  of  L.F.  Units  No.  of  H.F.  Units 


Dimensions  (inches ) 


H 

W 

D 

1 

67 

50 

23 

1 

108/2 

73/ 

35/ 

1 

108/ 

80/ 

39/ 

2 

108/2 

80  / 

39/ 

2 

108/2 

120 

39/ 

2 

IO8/2 

152 

39/ 

4 

113 

120 

39/ 

4 

113 

152 

39/2 

HF  Speaker  Features 

Perhaps  the  most  important  feature  of 
the  new  high  frequency  speaker  of  the 
"Voice  of  the  Theatre"  is  a  design  which 
utilizes  the  advantages  of  the  new  Alnico 
5  type  permanent  magnet.  The  design  of 
the  new  speaker  in  combination  with  this 
new  type  permanent  magnet  permits  high 
efficiencies  at  one-third  the  size  and  weight 
of  material.  It  also  provides  a  compact 
self-energized  speaker  which  needs  no 
separate  field  supply. 

Equally  important  is  the  feature  of  using 
edgewise  wound,  aluminum  ribbon  wire  in 
winding  the  voice  coil.  This  aluminum 
ribbon  wire,  treated  with  a  temperature 
resistant  varnish,  greatly  increases  the  effi- 
ciency by  providing  more  conductor  ma- 
terial in  the  magnetic  circuit. 

Another  feature  is  the  almost  perfect 
piston  action  of  the  metal  diaphragm  re- 
sulting from  the  use  of  tangential  rather 
than  the  usual  annular  edge  corrugations. 
A  recently  developed  hydraulic  drawing 
technique  permits  the  use  of  this  design, 
and  the  greatly  increased  compliance,  or 
flexibility,  provides  for  larger  power  han- 
dling capacity  at  low  distortion  and  with 
adequate  safety  factor  over  an  extended 
frequency  range.  Metal  diaphragms  are 
well  known  to  be  more  sensitive  and  more 
even  in  response  than  those  made  of  paper 


or  other  fibrous  materials.  The  complete 
voice  coil  and  diaphragm  assembly  is 
mounted  in  a  cast  bakelite  ring.  Dowel  pins 
assure  perfect  alignment.  Impedance  of 
the  speaker  is  approximately  24  ohms  over 


High   Frequency   Replaceable  Diaphragm 

The  high  frequency  replaceable  dia- 
phragm unit  of  the  Voice  of  the  Theatre 
with  hydraulic  drawn  aluminum  dia- 
phragm and  tangential  compliance,  rib- 
bon wire,  bakelite  frame  and  holes  for 
mounting. 
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a   wide    frequency    range  when    operating 
under  normal  conditions. 

HF  Multi-Cellular  Horn  Features 

The  new  high  frequency  horns  are  novel 
in  design,  rigid  in  construction  and  perfect 
in  performance.  A  large  selection  of  cell 
sizes  and  configurations  provides  high 
quality  sound  reproduction  and  distribu- 
tion   in    accordance    with    the    individual 


LF  Speaker  Features 

Much  of  the  improved  low  and  middle 
frequency  reproduction  is  due  to  exclusive 
design  features  in  the  1 5  inch  cone  type 
driver  unit.  Its  heavy  Alnico  5  field  mag- 
net and  edgewise  wound,  3  inch  diameter, 
copper  ribbon  voice  coil  combine  to  pro- 
duce a  unit  of  exceptional  efficiency  and 
ruggedness.  The  seamless  moisture  resis- 
tant cone  has  an  effective  driving  area  of 


Low  Frequency  Speaker 


architectural    and    acoustical    requirements 
of  each  theatre. 

To  guarantee  perfect  practical  perform- 
ance of  the  "Voice  of  the  Theatre"  loud- 
speaker systems,  parallel  type,  constant  re- 
sistance dividing  networks  are  provided 
with  each  system.  Crossover  point  is  at  500 
cycles.  Provision  is  made  for  four  steps 
(1  db  each)  of  attenuation  in  the  high  fre- 
quency output.  This  is  accomplished  by 
changing  the  shorting  strip  held  down  by 
three  screws.  Input  impedance  of  the  unit 
is  12  ohms. 


123  square  inches  and  it  is  mounted  in  a 
heavy  die  cast  frame  to  insure  alignment 
of  the  voice  coil  in  the  air  gap  of  the  mag- 
netic structure.  The  air  gap  is  completely 
enclosed  by  the  cone  spider  and  center 
dome  to  keep  out  dust  and  dirt  particles. 
The  design  features  are  responsible  for 
the  unit's  large  power  handling  capacity 
and  freedom  from  distortion.  The  response 
is  smooth  and  clean  due  to  the  elimination 
of  undesirable  transient  effects  by  correct 
magnetic  circuit  and  voice  coil  design.  Be- 
ing   self -energized,    the    unit    requires    no 
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separate  field  supply  and  this  also  results 
in  hum-free  performance  and  decreased 
operating  temperatures.  The  voice  coil 
impedance  is  approximately  20  ohms  under 
normal  operating  conditions. 

The  low  frequency  horns  of  the  "Voice 
of  the  Theatre"  bring  a  great  improvement 
in  low  frequency  sound  production.  An 
airtight,  fully  enclosed  rear  section  elimi- 
nates backstage  reverberation  and  hangover, 
a  short  straight  air  column  increases  pres- 
ence, exclusive  vertical  ports  utilize  all 
available  sound  energy  and  rigid  construc- 
tion perfects  vibration-proof  horn  walls. 

Large  Safety  Factors 

All  components  in  the  "Voice  of  the 
Theatre"  equipment  are  designed  to  pro- 
vide plenty  of  safety  margin  for  even  the 
most  demanding  power  requirements — now 
and  in  the  future.  The  rated  power  of  each 
loudspeaker  system  provides  for  adequate 
reserve  capacity  to  safely  handle  infrequent 
or  accidental  overloads.  It  is,  of  course, 
important  that  one  does  not  buy  a  "Voice 
of  the  Theatre"  model  that  does  not  have 
sufficient  power  handling  capacity  to  han- 
dle the  power  output  of  the  system's  am- 
plifiers. For  proper  safety  factor,  in- 
stalled amplifier  power  should  not  be  in 
excess  of   the   following: 

Al-X    200  Watts 

Al     100  Watts 

A2-X    150  Watts 

A2     80  Watts 

A4-X    60  Watts 

A4    40  Watts 

A5    30  Watts 

800     20  Watts 

Model  800  is  a  special  "Voice  of  the 
Theatre"  loudspeaker  and  is  recommended 
for  unusually  small  theatres  and  review 
rooms. 

Many  Important  Factors 

The  natural  screen  presence  of  the 
"Voice  of  the  Theatre"  brings  to  the  screen 


sound  effects    that    are   natural    and   music 
that  is  authentic  in   reproduction. 

Every  seat  in  the  house  is  equally 
reached  by  the  wide  frequency  range  of 
the  "Voice  of  the  Theatre,"  assuring 
high  intelligibility  and  easy  comfortable 
listening  for  every  patron.  The  "Voice  of 
the  Theatre"  has  overcome  the  barriers  of 
reproducing  bass.  By  spreading  out  the 
range  of  bass  frequencies,  true  character 
and    definition    are    given    to    the    varying 


Model  A5,  with  one  high  frequency  unit 
and  one  low  frequency  unit 

values  of  voices,  instruments  and  sound 
effects  that  require  proper  reproduction  in 
the  lower  frequencies.  The  "Voice  of  the 
Theatre"  presents  the  reproduction  of 
sound  effects  as  loud  or  soft,  high  or  low, 
sharp  or  dull,  as  they  actually  sound  in 
every  day  life. 

The  "Voice  of  the  Theatre"  projects  all 
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available  sound  energy  into  the  auditorium 
perfectly  proportioned  and  free  of  back- 
stage reverberation  or  hangover.  An  ex- 
clusive construction  feature  completely 
eliminates  rear  radiation  of  sound  waves. 

A  short  straight  air  column  increases 
presence,  exclusive  vertical  ports  utilize  all 
available  sound  energy  and  rigid  construc- 
tion perfects  vibration-proof,  absorption 
resistant  horn  walls. 

Matched  Sound  Systems 

These  loudspeaker  systems  should  theo- 
retically make  possible  the  improvement  of 
any  old  existing  sound  system  by  the  addi- 
tion of  the  "Voice  of  the  Theatre"  model 
best  suited  to  the  needs  of  the  particular 
theatre. 

In  many  cases,  however,  sound  heads 
and  amplifiers  in  older  systems  have  serious 
faults,   such   as  high  flutter  and  excessive 


noise  and  distortion  pickup.  New  loud- 
speaker equipment  in  such  cases  will  cor- 
rect house  distribution  problems,  but  it 
will  also  make  more  apparent  to  the  patron 
such  faults  originating  in  other  parts  of 
the  sound  equipment  because  of  the  high 
efficiency  and  extended  frequency  response. 

All  models  of  the  Motiograph-Mirro- 
phonic  sound  systems  produce  the  same 
quality  sound  reproduction.  The  models 
vary  only  in  the  amount  of  amplification 
and/or  loudspeaker  equipment  furnished. 
All  models  contain  the  7500  sound  repro- 
ducer built  by  Motiograph  and  based  on 
designs  of  Electrical  Research  Products 
Division  of  Western  Electric  Company. 

Power  output  ratings  are  measured  at 
two  percent  distortion  and  D.C.  excitation 
is  offered  in  all  models. 

Following  is  a  list  of  Motiograph-Mir- 
rophonic  sound  systems  using  "Voice  of 
the  Theatre"  loudspeaker  systems. 


Model 


Power  Out-  No.  of  H.F.  No.  of  L.F.         Academy 


put 

,  Watts 

Speakers 

Speal 

ters 

Ratings 

M-9-B  - 

800 

20 

1 

1 

Up  to  750  Seats 

M-9-B  - 

A5 

20 

1 

1 

1000 

M-ll   - 

A5 

15 

1 

1 

750 

Mil   Dual  - 

A5 

30 

1 

1 

1450 

M911   Dual  - 

A4 

40 

1 

2 

1900 
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"Modernizing"  the  Sound  System 


By  BEN  OGRON 


More  and  more,  theatre  owners  are  be- 
coming conscious  of  the  fact  that  the  sound 
systems  for  which  they  paid  so  much  money 
years  ago  are  absolutely  incapable  of  repro- 
ducing faithfully  the  excellent  sound  re- 
corded on  film  today. 

Theatre  owners  have  the  choice  of  re- 
placing their  present  sound  equipment  en- 
tirely, or  having  someone  "modernize" 
their  present  sound  system  by  replacing 
the  loudspeaker  equipment,  modifying  the 
amplification  system,  or  by  replacing  other 
portions  of  the  system. 

Replacement  of  the  entire  system  seems 
to  be  the  better  thing  to  do,  as  considera- 
tion of  the  following  facts  clearly  indi- 
cates. The  sound  systems  of  the  leading 
manufacturers  of  sound  equipment  in  the 
United  States  and  Canada  of  the  immediate 
pre-war  days,  and  at  the  present  time,  are 
by  far  better  from  every  standpoint  than 
the  equipment  marketed  prior  to  193  8  or 
1939,  even  though  the  cost  of  the  older 
systems  was  much  higher  than  the  cost  of 
the  more  modern  sound  equipment. 

Defects  of  "Modernized"  System 

A  "modernized"  sound  system  simply 
will  not  meet  either  pre-war  or  post-war 
standards  of  performance,  for  no  matter 
what  portion  of  the  sound  system  is  re- 
placed, the  other  components  will  not  meet 
performance  requirements. 

The  "modernization"  of  an  old  sound 
system  usually  does  not  include  the 
replacement  of  old  sound  reproducers  with 


modern  ones,  and  sound  reproducers  of  the 
old  vintages  (in  fact,  some  of  the  1941 
and  1942  soundheads)  cannot  be  modified 
to  properly  reproduce  "Stereophonic"  re- 
cordings. Thus,  if  old  sound  reproducers 
are  not  replaced,  the  theatre  owner  will 
have  a  sound  system  incapable  of  being 
adapted  for  new  kinds  of  sound  recordings. 

It  is  true  that  the  addition  of  a  modern 
two-way  loudspeaker  system  will  improve 
materially  the  sound  quality  from  one  of 
the  older  sound  system  models,  and  it  is 
likewise  possible  to  modify  the  amplifica- 
tion equipment  to  give  better  sound.  But 
even  after  such  additions  and  modifications 
are  effected,  the  theatre  owner  would  still 
have  a  complete  sound  system  which  would 
be  worth  less  money  than  the  cost  of  the 
modernization. 

While  it  is  true  that  modification  of  cer- 
tain portions  of  any  sound  system  may  im- 
prove its  over-all  performance,  such  modi- 
fication will  not  bring  the  standard  of  per- 
formance up  to  that  of  a  new,  perfectly- 
matched  sound  system,  and  may  even  cause 
an  apparent  deterioration  of  quality.  For 
example,  old  style  sound  reproducers  pro- 
duce three  to  ten  times  as  much  "flutter" 
as  do  present  day  reproducers,  due  to  in- 
herent design  imperfections  impossible  to 
correct.  Connecting  a  modern  extended 
range  loudspeaker  equipment  to  a  system 
having  such  reproducers  may  actually  result 
in  poorer  reproduced  sound  quality,  be- 
cause distortion,  noise  and  flutter  originat- 
ing in  the  reproducers  are  thus  made  pain- 
fully apparent  to  even  the  average  theatre 
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patron. 

Electronic  components  and  electrical  con- 
nections are  not  impervious  to  the  effects  of 
age  and  use.  For  example,  the  wiring  be- 
tween the  various  components  of  a  sound 
system  may  become  worn,  or  its  insulation 
may  deteriorate  from  the  effects  of  heat, 
dirt  and  oil.  Even  when  some  of  the  wir- 
ing is  replaced,  a  rather  complicated  wiring 
system  usually  results,  and  this  makes  ser- 
vicing the  system  exceptionally  difficult. 

Much  Improved  Sound  Systems 

Modernization  of  old  sound  systems  by 
the  addition  of  further  components  or  the 
modification  of  existing  components  re- 
sults in  complications  that  make  service 
extremely  difficult  and  very  costly. 

Many  old  sound  systems  which  have  been 
modified  several  times  over  are  producing 
reasonably  good  sound  today,  but  they  are 
only  doing  it  because  of  the  loving  care  of 
an  exceptionally  good  projectionist  or  an 
exceptionally  good  sound  service  engineer. 
Should,  by  chance,  those  individuals  be 
transferred,  the  service  problem  might  well 
become  so  difficult  that  in  the  event  of  a 
breakdown,  a  day  or  two  or  more  of  box- 
office  receipts  will  be  lost.  As  can  be  read- 
ily appreciated,  the  loss  of  a  few  days'  re- 
ceipts might  well  pay  for  the  cost  differ- 
ence between  a  good,  reliable,  modern 
sound  system  and  the  cost  of  a  moderniza- 
tion job. 

Many  of  the  old  sound  systems  are  of 
the  single  amplifier  channel  type  which  of- 
fer no  provisions  for  emergency  operation. 
Modern  sound  systems  often  have  emer- 
gency facilities  such  as  dual  main  am- 
plifiers, two  or  more  high  frequency  units, 
or  two  or  more  low  frequency  units  which 
will  permit  the  show  to  carry  on  even  in 
the  event  of  failure  of  one  or  more  of 
these  important  sound  system  components. 


Modern  sound  systems  being  so  much 
more  simple  can  produce  more  satisfactory 
results  even  with  less  efficient  help  than  the 
operation  of  old-time  systems  under  the 
direction  of  projectionists  and  sound  en- 
gineers of  long  experience. 

We  have  no  quarrel  with  the  sound  sys- 
tem engineer.  We  believe  he  is  a  very  nec- 
essary adjunct  to  good  theatre  operation. 
But  we  do  feel  that  the  desirability  of 
modernization  of  existent  sound  systems 
has  been  over-sold,  and  that  in  most  cases 
the  ultimate  operating  cost,  including  these 
modernizations,  will  be  materially  higher 
than  the  cost  of  a  new  sound  system  and 
its  subsequent  operation.  In  addition,  with 
a  new  system,  much  more  satisfactory  per- 
formance and  better  sound  quality  will  be 
obtained. 

Of  course,  it  has  been  sometimes  true 
that  a  theatre  owner  who  bought  a  new 
sound  system  in  the  immediate  pre-war  era 
has  not  obtained  as  satisfactory  sound  re- 
sults as  he  might  have  obtained  with  a 
modernized  old  sound  system.  In  such  sit- 
uations, it  will  usually  be  found  that  the 
sound  system  selected  was  too  small  for 
the  size  of  the  auditorium  for  which  it 
was  purchased,  and  in  other  cases  it  would 
be  found  that  the  system  purchased  con- 
tained unmatched  or  second  or  third  grade 
components  substituted  to  meet  price  com- 
petition. 

Whether  you  modernize  your  present 
sound  system  or  buy  a  new  one,  be  sure 
you  know  all  of  the  facts  before  letting 
loose  of  your  money.  Consult  your  theatre 
supply  dealer  and  your  projectionist — they 
can  and  will  give  you  good  advice.  Don't 
let  the  lower  price  tag  of  the  moderniza- 
tion job  keep  you  from  buying  a  complete 
new  sound  system,  and  don't,  by  all  means, 
buy  a  n«w  sound  system  that  has  un- 
matched components  or  one  that  is  too 
small  for  your  house. 
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Sound  System  Maintenance 

Causes  of  Trouble  and  Their  Correction 

By  R.  T.  VAN  NIMAN 


It  would  be  difficult  to  overstress  the 
value  of  a  regular  maintenance  schedule 
for  theatre  sound  equipment.  Careful  in- 
spection and  care  of  all  theatre  equipment 
pays  dividends  in  the  long  run,  but  in  the 
case  of  sound  equipment,  the  work  which 
reduces  the  possibilities  of  expensive  break- 
downs and  lost  show  time  brings  such  large 
returns  that  there  is  little  room  for  argu- 
ment as  to  its  value.  This  does  not  mean, 
of  course,  that  the  equipment  should  be 
taken  apart  and  put  back  together  every 
so  often;  there  is  a  lot  to  be  said  for  the 
practice  of  leaving  equipment  alone  that  is 
functioning  properly.  The  thing  it  is  de- 
sired to  recommend  is  that  those  respon- 
sible for  the  maintenance  of  the  sound 
equipment  have  regular  times  to  check  its 
operation  and  to  test  tubes,  clean  contacts, 
tighten  connections,  lubricate  moving 
parts,  and  do  essential  cleaning.  Many  in- 
cipient troubles  can  be  located  and  cor- 
rected in  this  manner  before  they  have  a 
chance  to  become  serious. 

Written  records  of  the  maintenance 
work  done  are  very  useful  in  making  cer- 
tain that  no  part  of  the  system  is  over- 
looked. Such  records  are  provided  by  the 
national  service  organizations,  and  many  of 
the  most  careful  projectionists  either  keep 


these  reports  or  keep  records  of  their  own. 
The  length  of  the  interval  between  period- 
ic checkups  is  not  as  important  as  seeing 
that  they  really  are  periodic.  A  reasonable 
figure  for  the  average  medium  sized  theatre 
not  running  exceptionally  long  operating 
hours  is  once  every  two  months,  though 
some  service  operations  such  as  lubricating 
and  cleaning  certain  parts  of  the  equip- 
ment must  obviously  be  performed  much 
more  frequently  than  this. 

An  essential  item  in  a  good  maintenance 
schedule  for  theatre  sound  systems  is  the 
checking  of  spare  parts  and  supplies  on 
hand.  Careful  checking  will  insure  that 
no  shortages  develop  which  may  result  in 
lost  show  time.  Periodic  inventories  of 
spares  will  enable  replacements  to  be  or- 
dered in  time  to  allow  for  unavoidable  de- 
lays in  deliveries,  and  if  a  particular  needed 
item  proves  to  be  completely  unobtainable, 
there  will  be  time  to  arrange  for  some  rea- 
sonably adequate  substitute. 

Study  the  Equipment 

All  sound  equipment  manufacturers  pro- 
vide some  technical  information  with  their 
systems,  and  several  of  the  more  prominent 
manufacturers    supply    very    complete    in- 


252 


SOUND  TRACK  THEATRE  BOOK 


struction  pamphlets.  For  example,  the  in- 
structions for  the  various  models  of  the 
Motiograph-Mirrophonic  sound  systems  in- 
clude schematic  and  wiring  diagrams  for 
the  component  equipment  items,  conduit 
and  connection  diagrams  for  the  complete 
system,  and  detailed  installation,  operating 
and  maintenance  information  for  the  sys- 
tem and  for  the  individual  pieces  of  appa- 
ratus of  which  it  is  composed.  All  of  this 
material  should  be  thoroughly  studied  by 
those  who  are  responsible  for  operation  and 
maintenance  of  the  sound  system.  While 
there  is  an  almost  infinite  variety  of  things 
that  can  go  wrong  with  electro-mechanical 
equipment  as  complex  as  a  modern  thea- 
tre sound  system,  the  great  majority  of 
troubles  are  due  to  simple  causes,  and  can 
be  just  as  simply  corrected  once  the  causes 
are  located.  There  is  no  greater  aid  in  hunt- 
ing trouble  than  a  good  working  knowl- 
edge of  the  equipment,  that  is,  an  under- 
standing of  the  function  of  each  part,  a 
clear  mental  picture  of  how  the  compo- 
nents are  interconnected,  and  a  fairly  good 
idea  as  to  the  relationship  between  observed 
symptoms  and  their  probable  causes. 

Test  Equipment 

To  do  a  really  good  job  of  checking  the 
performance  of  a  motion  picture  sound 
system  calls  for  the  use  of  test  equipment 
which  it  would  be  impractical  for  each  in- 
dividual theatre  to  possess.  For  example, 
the  determination  of  how  the  system  re- 
sponds to  recorded  signals  of  various  fre- 
quencies involves  the  use  of  a  calibrated 
multi-frequency  test  film  and  an  alternat- 
ing current  voltmeter  (an  "output"  me- 
ter) suitable  for  use  on  audio  frequency 
voltages.  Accurate  measurements  of  sys- 
tem power  output  can  be  made  only  with 
suitable  meters  and  auxiliary  apparatus, 
and  to  determine  another  fundamental 
system  characteristic,  the  amount  of  "flut- 
ter" in  the  output  signal  due  to  unsteady 
film  motion  at  the  reproducer  scanning 
point  requires  equipment  not  always  avail- 
able even   to  people  who  make  a   business 


of  servicing  sound  systems. 

Nevertheless,  a  great  deal  can  be  learned 
about  the  performance  of  a  sound  system 
with  only  very  elementary  test  equipment 
and  a  well-trained  pair  of  ears.  The  first  re- 
quirement is  a  "standard"  film,  that  is,  a 
section  of  sound  film  that  can  be  kept  on 
hand  and  be  run  occasionally  for  listening 
tests  on  the  performance  of  the  sound  sys- 
tem. The  film  need  not  be  of  top-notch  re- 
cording quality,  though  it  should  not  be 
exceptionally  bad  recording.  Nearly  every 
projectionist  accumulates  in  time  short  sec- 
tions of  trailers,  clips  of  excess  exit  music, 
and  perhaps  parts  of  reels  with  damaged 
picture  areas  but  undamaged  sound  track 
areas.  The  idea  is  not  so  much  to  have  a  test 
film  of  perfect  quality,  but  to  have  one 
which  can  be  learned  well  enough  to  serve  as 
a  check  on  the  sound  system  performance. 

Standard  theatre  sound  test  reels  such  as 
those  issued  by  the  Research  Council  of 
The  Academy  of  Motion  Picture  Arts  and 
Sciences  (1217  Taft  Building,  Hollywood, 
Calif.)  and  by  the  Society  of  Motion  Pic- 
ture Engineers  (Hotel  Pennsylvania,  New 
York,  N.  Y.)  are  of  course  ideal  for  listen- 
ing tests,  but  they  are  fairly  high  in  cost 
for  individual  theatre  use.  A  few  hundred 
feet  of  sound  film  obtained  in  the  manner 
just  outlined  will  serve  as  a  reasonably  sat- 
isfactory substitute  for  routine  checking 
in  cases  where  the  cost  of  the  standard  reels 
cannot  be  justified. 

With  a  film  of  known  quality  available 
to  be  run  periodically  for  listening  tests,  it 
is  easily  possible  to  detect  deterioration  in 
system  performance  before  it  has  become 
serious  enough  to  be  noted  by  patrons. 
Some  of  the  effects  to  be  observed,  and  the 
possible  causes  for  them  will  be  outlined 
in  a  later  section  of  this  article. 

Checking  System  Operation 

Next  to  a  reference  sound  film,  there  is 
probably  no  single  item  of  test  equipment 
more  useful  in  the  projection  room  than  a 
pair  of  headphones  for  close  monitoring 
of  the  sound  quality  at  the  output  termi- 
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nals  of  the  amplifier  system.  Projection  cannot  be  run  at  high  enough  output  level 
room  monitor  speakers  are  intended  pri-  to  provide  for  sound  quality  monitoring 
marily  for  use  in  cueing  changeovers.  They       without   producing   serious   interference   in 


Checking  for  sound  output  from  the  Motiograph-Mirrophonic  SH-7500  Reproducer 
by  interrupting  the  light  path  with  a  card. 


must  be  fireproof  and  not  too  large  in  di-  the  auditorium.  Partly  because  of  size  limi- 

mensions,  and  unless  there  is  much  better  tations  and  partly  because  low  frequencies 

than  average  sound  insulation  between  the  are  hard  to  stop  with  insulation,  projection 

projection  room  and  the  auditorium,  they  room    monitor   speakers    are    usually   made 
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with  little  response  below  150-200  cycles, 
and  thus  such  things  as  hum  pickups, 
sprocket  hole  and  frame  line  noise  pickups, 
and  other  relatively  low  frequency  noises 
may  go  undetected  even  though  they  may 
be  very  objectionable  in  the  sound  output 
from  the  large  stage  loudspeakers. 

The  use  of  headphones  for  sound  qual- 
ity monitoring  gets  around  this  difficulty 
very  well.  Even  quite  cheap  headphones 
have  fairly  good  low  frequency  response 
when  they  are  tightly  coupled  to  the  ears, 
and  they  have  the  additional  advantage  of 
shutting  out  whatever  machine  noise  there 
may  be  in  the  projection  room.  Very  few 
operators  like  headphones  for  routine  mon- 
itoring and  changeover  cueing  because 
they  necessarily  restrict  movement  and 
may  be  uncomfortable,  but  for  checking 
sound  quality,  •  a  good  pair  of  headphones 
is  hard  to  beat. 

Nearly  all  that  are  customarily  used 
with  radio  equipment  are  of  high  enough 
winding  impedance  to  permit  their  being 
connected  directly  across  the  sound  system 
speech  circuit  to  the  stage  loudspeakers, 
particularly  if  this  circuit  is  one  of  rather 
low  impedance  (under  500  ohms),  as  is 
usually  the  case.  The  high  impedance  wind- 
ings of  the  headphones  (customarily  in  the 
order  of  15,000  to  2  5,000  ohms)  absorb  a 
negligible  amount  of  power  from  the  cir- 
cuit, but  due  .to  their  high  sensitivity,  even 
this  small  amount  of  power  produces  con- 
siderable sound  intensity  when  the  phones 
are  tightly  coupled  to  the  ears.  If  the  in- 
tensity proves  too  great  for  comfort,  as  it 
certainly  will  if  the  stage  circuit  impe- 
dance is  anywhere  near  the  5  00  ohm  figure, 
the  intensity  may  be  reduced  to  any  de- 
sired level  by  connecting  in  scries  with  the 
headphones  a  suitable  fixed  or  variable  re- 
sistor. A  one-half  megohm  or  one  megohm 
volume  control  potentiometer  connected 
as  a  variable  resistor  is  excellent  for  this 
purpose. 

A  very  useful  accessory  for  headphones 
is  an  extension  cord  long  enough  to  permit 
the  phones   to   be  worn  while   the  projec- 


tionist is  at  each  machine  operating  posi- 
tion. The  effects  of  film  guide  roller  ad- 
justments, for  example,  can  thus  be  noted 
directly,  and  checks  on  hum  pickups  orig- 
inating in  the  reproducers  can  be  easily 
made.  One  word  of  caution  is  in  order — 
the  headphones  are  connected  to  the  out- 
put circuit  of  the  amplifier  system.  If  the 
connection  cord,  the  phones  themselves,  or 
the  hands  of  the  person  wearing  them  get 
too  close  to  the  sensitive  photocell  and 
input  circuits  of  the  amplifier  system  the 
whole  system  may  go  into  oscillation  as  a 
result  of  the  coupling  thus  provided  be- 
tween input  and  output  circuits.  If  the 
frequency  of  the  oscillations  happens  to  be 
within  the  audible  range,  very  disagreeable 
howling  may  be  evident.  Shielding  of  pho- 
tocell and  input  circuits  in  modern  theatre 
sound  systems  is  so  complete,  however, 
that  there  is  little  danger  of  producing  this 
effect  unless  deliberate  efforts  are  made  to 
introduce  the  required  coupling. 

Other  Equipment  Maintenance 

Several  of  the  service  operations  used  as 
illustrations  for  this  article  involve  the  use 
of  test  equipment  not  ordinarily  on  hand  in 
the  average  projection  room.  For  example, 
good  quality  combination  AC-DC  test  me- 
ters are  scarce  and  relatively  expensive,  and 
the  setting  of  reproducer  optical  systems 
for  maximum  high  frequency  response  re- 
quires not  only  suitable  frequency  film 
loops  and  an  output  meter,  but  also  a  con- 
siderable degree  of  skill  and  experience  for 
best  results.  Service  engineers  from  the 
better  equipment  dealers  and  the  national 
service  organizations  carry  such  test  equip- 
ment, and  except  in  the  event  of  some 
emergency,  it  is  usually  best  to  leave  the 
more  complex  service  operations  to  them. 

Every  projection  room  should  have  small 
hand  tools  such  as  pliers,  various  sizes  of 
screw  drivers  and  wrenches,  and  some  kind 
of  circuit  testing  device  for  the  power 
supply  circuits.  Such  a  device  can  be  very 
simple.  If  there  are  no  220  volt  circuits  to 
be  checked,  a  single  weatherproof  socket  of 
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the  kind  available  in  dime  stores  will  do  can  be  tested  readily  by  touching  the  socket 
verv  well.  With  a  2  5  or  40  watt  lamp  in  terminal  wires  to  the  circuit  terminals.  Full 
the  socket,  power  circuits  and  their  fuses       lamp    brilliancy    obviously    indicates    that 


Checking    output    voltages    to    reproducer    photocell    circuits    from    the    Motiograph- 

Mirrophonic  PA-7505-A  Amplifier.  The  amplifier  design  provides  simple  wiring  and 

thorough    shielding   of   circuits 
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electrical  power  is  present.  Connecting  the 
lamp  to  the  circuit  beyond  the  fuse  or  fuses 
provides  a  quick   check  as  to  whether  the 


The  output  circuit  to  the  stage  loud- 
speakers in  the  Motiograph-Mirrophonic 
Model  M-911-Dual  Sound  System  is  con- 
veniently accessible  at  the  amplifier 
rack  for  close  monitoring  of  sound  qual- 
ity with  headphones  and  for  use  in 
transmission  testing. 


circuit  is  intact  at  the  fuse  position.  This 
may  seem  very  elementary,  but  experience 
has  shown  that  many  expensive  system 
breakdowns  are  the  result  of  blown  fuses. 


Properly  fused  circuits  will  frequently 
open  because  of  line  voltage  surges,  recti- 
fier tube  flashovers,  and  other  transient 
conditions,  and  of  course  actually  defec- 
tive fuses  are  sometimes  encountered.  Un- 
less there  is  other  evidence  of  circuit  fault, 
it  is  always  proper  to  replace  an  open  fuse 
at  least  once  before  going  on  with  a  search 
for  trouble  elsewhere  in  the  circuit. 

If  both  nominal  110  volt  and  220  volt 
power  circuits  are  present  in  the  projection 
room,  the  tester  should  consist  of  two  sock- 
ets wired  in  series.  With  110  volt  lamps 
of  equal  wattage  rating  in  th^  sockets,  full 
brilliancy  will  be  obtained  on  the  higher 
voltage  circuits,  and  something  less  than 
half  brilliancy  on  the  nominal  110  volt 
circuits.  Most  maintenance  electricians  car- 
ry such  a  testing  device  in  their  kits.  There 
are  more  elaborate  kinds  on  the  market, 
but  with  many  of  them  the  user  can  never 
be  quite  sure  whether  it  is  the  tester  or 
the  circuit  being  tested  which  is  at  fault. 

Many  of  the  more  modern  sound  systems 
have  metering  circuits  which  provide  a  con- 
tinuous check  on  the  condition  of  vacuum 
tubes.  Where  such  facilities  are  not  in- 
cluded, and  where  tube  testing  is  not  done 
by  service  engineers,  tubes  may  either  be 
removed  and  tested  at  local  radio  stores,  or 
may  be  tested  by  the  substitution  method. 
The  latter  test  method  has  much  to  recom- 
mend it,  for  commercial  tube  testers  are 
notoriously  lacking  in  agreement.  If  careful 
observation  and  listening  tests  show  no  dif- 
ference in  such  fundamental  system  per- 
formance characteristics  as  gain,  noise  level, 
and  amount  of  distortion  using  a  new  tube 
in  place  of  an  old  one,  it  is  reasonably  safe 
to  assume  that  the  old  tube  is  still  service- 
able. Tubes  should  be  considered  individu- 
ally— there  is  no  technical  justification  for 
the  old  theory  that  all  tubes  should  be  pe- 
riodically replaced  because  one  weak  one 
contributes  to  the  load  on  others.  It  is  true, 
of  course,  that  internal  short  circuits  in 
tubes  used  in  amplifier  output  stages  may 
cause  such  heavy  current  drains  that  the 
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Checking  sound  quality   with   headphones   at  dividing   network  high   frequency  chan- 
nel   output    terminals    in    stage    loudspeaker    equipment   of    Motiograph-Mirrophonic 

M-911-Dual  Sound  System. 
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rectifier  tube  in  the  amplifier  power  supply 
circuits  may  be  damaged,  but,  in  general, 
loss  of  electronic  emission  due  to  tube  age- 
ing has  little  effect  on  other  tubes  in  the 
amplifier  circuits. 

Emergency  Maintenance  Methods 

So  far  this  article  has  been  concerned 
mostly  with  the  discussion  of  matters  hav- 
ing to  do  with  the  routine  maintenance 
of  sound  equipment,  that  is,  maintenance 
work  which  is  done  to  keep  the  equipment 
in  good  order  and  to  correct  difficulties  be- 
fore they  become  serious  enough  to  mate- 
rially affect  the  reproduced  sound  quality. 
This  sort  of  work  is  quite  different  than 
the  kind  which  is  called  for  when  the  sys- 
tem is  actually  in  trouble,  so  that  correc- 
tive measures  must  be  taken  immediately 
to  avoid  loss  of  show  time. 

It  has  already  been  stated  that  a  thor- 
ough working  knowledge  of  the  sound 
equipment  is  of  the  greatest  possible  aid  in 
hunting  down  the  causes  for  trouble.  Most 
of  the  more  or  less  common  kinds  of  faults 
produce  easily  recognized  symptoms,  and 
by  carefully  analyzing  the  symptoms  it  is 
possible  to  narrow  the  search  to  certain 
sections  of  the  equipment.  Much  valuable 
time  can  be  saved  by  such  an  analysis,  and 
many  shows  have  been  saved  because  the 
projectionist  used  a  logical  approach  in 
finding  out  what  had  gone  wrong.  There 
are  of  course  some  cases  where  trouble  can- 
not be  quickly  corrected  because  complete 
clearance  involves  replacement  of  a  compo- 
nent for  which  no  spare  is  on  hand.  Such 
cases  are  the  exception  rather  than  the  rule, 
however,  and  generally  it  is  possible  to  lo- 
cate and  cure  very  quickly  all  of  the  ordi- 
nary kinds  of  trouble  by  going  about  it  in 
the  right  manner.  Evidence  that  this  is 
true  is  afforded  by  consideration  of  the  ease 
and  speed  with  which  service  engineers 
usually  at  least  temporarily  clear  emergency 
calls.  Their  extensive  knowledge  of  circuits 
and  equipment,  plus  their  ability  to  quick- 
ly analyze  the  situations  they  encounter — 


and  not  so  much  the  special  test  equipment 
they  carry — enables  them  to  do  this. 

In  an  article  such  as  this  one  it  is  not 
possible  to  give  any  more  than  very  gen- 
eral information  regarding  the  location  and 
correction  of  trouble.  Sound  systems  vary 
a  great  deal  in  constructional  details,  and 
a  trouble  chart  applicable  to  one  type  may 
be  almost  completely  useless  for  a  system 
of  some  other  kind.  Nevertheless,  all  sound 
systems  used  in  theatres  at  present  have 
two  or  more  reproducers  or  soundheads, 
amplifiers  to  increase  the  weak  signals  from 
the  reproducers  to  the  degree  necessary  to 
operate  the  stage  loudspeakers,  and  usually 
some  kind  of  power  supply  equipment  to 
produce  direct  current  for  operation  of  re- 
producer exciter  lamps  and  loudspeaker 
field  circuits.  The  first  step  in  localizing 
trouble  is  to  determine  in  which  ot  these 
major  equipment  divisions  the  fault  lies, 
and  it  is  usually  possible  to  do  this  by 
considering  the  symptoms. 

If  the  major  symptom  is  no  sound  in 
either  the  stage  or  monitor  speakers,  a 
logical  procedure  would  involve  checking 
to  see  that  reproducer  exciter  lamps  are 
lit,  and  that  all  amplifier  tubes  are  lit.  If 
they  are,  it  is  reasonable  to  assume  that 
proper  line  voltage  is  available  at  the  pow- 
er supply  terminals  of  the  power  and  am- 
plifier divisions  of  the  system.  If  tubes  or 
exciter  lamps  do  not  light,  and  if  line  volt- 
age is  available,  at  apparatus  terminals  as 
checked  with  a  circuit  tester,  the  trouble 
is  at  once  localized  within  the  piece  of  ap- 
paratus concerned. 

Once  it  has  been  ascertained  that  there 
are  no  visible  indications  as  to  the  location 
of  the  fault,  it  is  then  proper  to  go  ahead 
with  a  search  for  less  obvious  symptoms. 
Headphones  are  frequently  used  to  check 
along  the  path  of  the  signal  through  the 
amplifier  equipment,  though  care  must  be 
taken  that  they  are  not  connected  to  cir- 
cuits which  also  carry  direct  currents  un- 
less a  small  condenser  is  used  in  series  with 
one  headphone  lead  to  block  the  flow  of 
such  currents.  Contacts  and  switches  in  the 


SOUND  SYSTEM  MAINTENANCE 


259 


sound  circuits  are  possible  sources  for  faults 
which  would  result  in  no  sound  output,  and 
open  windings  in  transformer  coupled  am- 
plifiers and  open  coupling  condensers  in  re- 
sistance and  impedance  coupled  amplifiers 
may  also  be  responsible.  Contacts  and 
switches  may   usually   be   cleaned   and   ad- 


justed to  restore  normal  operation,  but  re- 
placement is  required  where  open  circuits 
occur  within  components  of  the  latter  type. 
If  all  projection  room  equipment  ap- 
pears to  be  functioning  normally,  and  if 
sound  output  is  obtained  from  the  monitor 
speaker,  but  not  from  the  stage  loudspcak- 


Frequency  film  loop  threaded  into  the  Motiograph-Mirrophonic  SH-7500  Reproducer 
for  adjusting  the  lens  for  maximum  high  frequency  response. 
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er  equipment,  it  is  then  logical  to  suspect 
this  part  of  the  system,  or  the  wires  and 
cables  leading  to  it.  Where  current  for 
energizing  loudspeaker  unit  field  windings 


Measuring  loudspeaker  unit  field  cir- 
cuit terminal  voltages  in  the  Motio- 
graph-Mirrophonic  Model  M-911-Dual 
Sound  System.  Good  low  frequency  re- 
production requires  large  dimensions 
and  rugged  construction. 


is  obtained  from  power  supply  equipment 
in  the  projection  room,  the  first  thing  to  do 
is  to  check  to  see  that  current  is  actually 
flowing  through  these  windings.    A  quick 


way  to  do  this  is  to  open  the  field  circuit 
at  each  unit  terminal  and  note  whether  a 
considerable  spark  is  obtained  when  the 
circuit  is  opened.  Field  windings  store  en- 
ergy in  their  magnetic  fields,  and  this  en- 
ergy is  dissipated  in  the  form  of  a  spark  or 
arc  at  the  break  point  when  the  circuit  is 
opened.  The  voltage  across  the  break  point 
may  be  quite  high,  even  though  the  nor- 
mal field  voltage  is  low,  so  caution  should 
be  exercised  to  avoid  contact  with  current 
carrying  parts. 

If  the  field  circuits  check  to  be  in  good 
order,  the  various  speech  circuits  may  then 
be  checked  with  headphones,  preferably 
directly  at  the  loudspeaker  unit  voice  coil 
terminals  so  as  to  include  all  connecting 
wires  and  cables.  The  frequency  dividing 
networks  or  filters  of  two-way  loudspeak- 
er systems  seldom  give  any  trouble,  but  all 
types  of  loudspeaker  units  are  subject  to 
opens  in  their  voice  coil  circuits  from  the 
effects  of  overload,  corrosion,  dust  and  dirt 
accumulations,  and  other  causes.  Ordinarily 
such  faults  must  be  corrected  by  replacing 
or  repairing  the  unit  involved,  but  usually 
in  two-way  speaker  systems  it  is  possible  to 
rearrange  connections  so  that  remaining 
units  will  carry  the  show  meanwhile. 

Tracing  Distortion  and  Noise 

While  extreme  distortion  and  very  heavy 
noise  or  hum  pickups  can  be  considered  as 
calling  for  emergency  maintenance  proce- 
dures, they  are  seldom  quite  as  serious  as 
having  no  sound  at  all.  Excessive  distortion 
in  the  reproduced  sound  may  be  due  to 
weak  or  defective  vacuum  tubes,  failure  of 
some  amplifier  component,  bad  connections, 
damaged  loudspeaker  units,  improper  ad- 
justments in  the  reproducers,  and  to  many 
other  causes  including  poor  sound  record- 
ing in  the  film  itself.  The  procedure  for 
tracing  down  the  cause  for  it  is  much  the 
same  as  for  hunting  the  reason  for  no  sound 
— that  is,  the  more  obvious  things  are 
checked  first,  and  then  the  signal  is  traced 
through  the  system  with  headphones  until 
the  point  where  the  distortion  takes  place 
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is  isolated.  Detailed  checking  at  this  point 
will  then  as  a  rule  uncover  the  reason  for 
the  distortion  so  that  suitable  corrective 
measures  may  be  taken. 


Low  signal-to-noise  ratio  in  the  repro- 
duced sound  may  be  due  to  any  of  the 
causes  listed  in  the  foregoing  paragraph, 
or  to  such  things  as  defective  or  blackened 


Measuring  output  voltages  of   the   Motiograph-Mirrophonic   SE-7520   Power   Unit. 
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exciter    lamps,    defective    or    deteriorated  procedure   in    locating   the   cause   for   poor 

photocells,  worn  and  badly  scratched  film  signal-to-noise   ratio   is   to  first   check   the 

sound     tracks,    open    filter    condensers    in  amplifier    system    for    noise    with    all    gain 

amplifiers  or  in  power  units,  etc.  A  useful  controls   at    maximum   and    with    the   ma- 


Testing  circuit  voltages  in  Motiograph-Mirrophonic  MA-7505-A  Amplifiers 
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chines  at  rest.  If  the  system  has  individual 
preamplifiers  for  each  machine,  or  individ- 
ual amplifier  input  stages  ahead  of  the 
changeover  switching  facilities,  it  is  help- 
ful to  check  these  one  at  a  time  to  localize 
the  source  of  the  noise.  Sometimes  inter- 
mittent noises  will  show  up  if  the  various 
amplifier  components,  including  tubes,  and 
their  connections,  are  tapped  with  an  in- 
sulated rod. 

If  the  system  is  quiet  at  full  gain  with 
the  machines  at  rest,  check  for  excessive 
machine  noise  pickup  by  reducing  the  am- 
plifier gain  to  the  normal  operating  point, 
and  operating  the  reproducers  without 
film.  Machine  noise  pickup  should  be  in- 
audible, or  barely  audible  at  the  stage  loud- 
speakers, and  if  it  is  found  to  be  more  so, 
the  cause  should  be  investigated  and  cor- 
rected. Possible  causes  are  defective  or  im- 
properly adjusted  exciter  lamps,  excessively 
microphonic  photocells  or  vacuum  tubes 
in  preamplifiers,  worn  reproducer  gears  or 
other  mechanical  parts,  deterioration  of  vi- 
bration absorbing  components  in  the  re- 
producers, poor  ground  connections,  etc. 

Abnormally  high  amplifier  volume  con- 
trol settings,  usually  accompanied  by  low 
signal-to-noise  ratio,  for  prints  known  to 
be  of  average  recording  level  are  frequent- 
ly indications  of  improperly  adjusted  exci- 
ter lamp  current,  deteriorated  or  defective 
exciter  lamps,  light  losses  in  the  reproducer 
optical  system  resulting  from  dirt  or  oil  on 
glass  surfaces,  poor  adjustments,  damaged 
mirrors  and  lenses,  etc.,  and  of  photocells 
of  low  or  deteriorated  sensitivity.  Low  am- 


plifier gain,  particularly  in  the  input  stages, 
due  to  weak  tubes  or  component  failure 
might  also  cause  these  symptoms,  but  such 
cases  are  less  common. 

Conclusion 

The  information  in  this  article  may  be 
summarized  very  simply.  Regular  and  rou- 
tine maintenance  work  on  the  sound  system 
is  worthwhile  in  eliminating  the  causes  for 
breakdowns  before  they  occur.  A  thorough 
knowledge  of  the  particular  type  of  system 
makes  both  routine  and  emergency  main- 
tenance operations  very  much  easier  and 
quicker.  A  great  deal  can  be  done  with  very 
simple  and  inexpensive  test  equipment 
provided  the  user  is  familiar  with  general 
principles  and  with  the  specific  kind  of  ap- 
paratus being  serviced.  When  trouble  does 
occur  the  best  way  to  go  about  locating 
and  correcting  it  is  to  check  the  more  ob- 
vious symptoms  first,  and  then  proceed 
with  a  step-by-step  search  until  the  trouble 
is  localized  in  one  part  of  the  system. 

If  even  one  or  two  of  the  ideas  and  sug- 
gestions in  the  article  prove  helpful  in  just 
a  few  cases,  the  time  spent  in  preparing  it 
will  have  been  well  justified.  Some  day, 
perhaps,  we  shall  have  sound  systems  that 
need  no  maintenance.  Designers  continu- 
ally strive  to  produce  equipment  of  this 
kind,  and  comparison  of  modern  sound 
systems  with  those  manufactured  in  the 
early  days  of  sound  motion  pictures  will 
show  that  this  ideal  is  being  approached 
more  and  more  closely. 
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THEATRE  ACOUSTICS 

'Theatre  Acoustic 
Recommendations 

Prepared  by 

THE  ACADEMY  RESEARCH  COUNCIL 
THEATRE  SOUND  STANDARDIZATION  COMMITTEE 


In  May,  1941 ,  the  Research  Coun- 
cil, Academy  of  Motion  Picture  Arts 
and  Sciences,  published  a  technical 
bulletin  giving  much  very  useful  in- 
formation for  the  correct  acoustical 
design  of  auditoriums  to  be  used  as 
motion  picture  theatres.  This  bulle- 
tin was  rather  widely  circulated  at 
the  time,  btit  we  feel  that  in  the 
present  period,  with  so  much  new 
construction  and  remodeling  being 
planned,  the  authoritative  data  it 
contains  will  be  of  general  and  time- 
ly interest,  and  perhaps  specifically 
useful.  The  SOUND  TRACK  is, 
therefore,  happy  to  have  this  oppor- 
tunity to  give  an  even  wider  circula- 
tion to  the  bulletin,  and  is  grateful 
to  the  Research  Council  for  permis- 
sion to  reproduce  it. 


These  THEATRE  ACOUSTIC  REC- 
OMMENDATIONS are  based  upon  the 
experience  of  architects,  acoustical  and 
equipment  engineers,  and   studio  operating 


personnel  in  designing,  equipping  and 
maintaining  theatres.  They  were  prepared 
after  conferences  and  discussions  between 
the  Committee  and  prominent  representa- 
tives of  these  various  groups.  Through  such 
cooperation,  it  is  now  possible  and  practical 
to  formulate  general  principles  to  guide 
the  acoustic  design  and  construction  of 
motion  picture  theatres.  These  principles, 
when  applied,  will  improve  sound  repro- 
duction and  minimize  or  eliminate  costly 
alterations  in  the  completed  auditorium. 

In  designing  a  theatre  auditorium,  the 
architect  is  interested  primarily  in  the  use- 
fulness and  appearance  of  the  finished 
structure.  However,  the  auditorium  shape, 
and  the  type,  amount,  and  location  of  the 
necessary  acoustic  materials  must  guide  in 
the  construction  and  final  appearance. 
From  this  point  of  view,  some  general  con- 
siderations of  acoustics  will  be  outlined, 
and  the  application  of  these  principles 
explained. 

REQUIREMENTS  FOR  PROPER 
LISTENING  CONDITIONS 

The  acoustical  requirements  for  good 
listening  conditions  in  an  auditorium  are 
that  the  sound  loudness  be  adequate;  that 
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the  components  of  the  complex  sound 
maintain  their  proper  relations;  and  that 
the  successive  sounds  in  fast-moving 
speech  or  music  be  clear  and  distinct  and 
that  the  auditorium  be  free  from  ex- 
traneous noises.  These  fundamental  con- 
cepts are  both  necessary  and  sufficient  for 
good  listening  conditions. 

These  proper  listening  conditions  are 
affected  by  the  following  physical  factors: 

( 1 )  Size  of  the  room. 

(2)  Shape  of  the  room. 

(3)  Absorption  characteristics  of  the 
acoustic  materials  and  their  place- 
ment in  the  room. 

(4)  Extraneous  noise  level  present  in 
the  room. 

THEORETCIAL  CONSIDERATIONS 

As  the  optimum  reverberation  time  of 
a  room  and  the  proper  control  of  reflec- 
tion effects  are  the  two  most  important 
factors  in  proper  acoustical  design,  a  brief 
discussion  of  these  factors  follows: 


Optimum  Reverberation  Time 

The  desirable  reverberation  time  of  a 
room  is  a  function  of  its  size.  The  effect  of 
moderate  reverberation  is  beneficial  as  the 
direct  sound  is  reinforced  and  a  desirable 
liveness  is  produced.  In  general  a  rever- 
beration time  of  over  2  seconds  (at  5  00 
cycles  and  under  empty  hall  conditions) 
should  not  be  exceeded.  Excessive  rever- 
beration causes  blurring  of  speech  and 
rapidly  moving  staccato  music.  Where  the 
reverberation  time  in  the  room  is  below 
optimum,  an  excessive  amount  of  sound 
energy  must  be  radiated,  and  the  resultant 
sound  is  unnatural. 

The  optimum  reverberation  period  varies 
with  frequency  and  with  the  size  of  the 
room.  Figure  1  gives  the  optimum  rever- 
beration time  for  various  sized  motion  pic- 
ture auditoriums  at  frequencies  from  5  0 
to  1000  cycles. 

Reflection  Effects1 

Many  theatres,  due  to  their  shapes  and 
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sizes,  still  have  many  major  acoustical  de- 
fects which  cause  echoes  and  objectionable 
concentrations  by  a  focusing  of  the  re- 
flected sound.  These  reflections  are  in  nu- 
merous cases  of  greater  importance  than 
the  reverberation  time.2 

When  a  sound  wave  strikes  a  wall  of  a 
theatre,  its  energy  is  partially  reflected,  par- 
tially absorbed  and  partially  transmitted. 
The  reflection,  for  surfaces  large  in  com- 
parison to  the  wave  length  of  the  sound, 
is  analogous  to  the  reflection  of  light,  and 
the  angle  of  incidence  of  the  sound  is  equal 
to  the  angle  of  reflection.  The  relative 
amounts  of  energy  reflected  and  absorbed 
by  a  material  vary  with  the  angle  of  inci- 
dence and  with  the  frequency. 

However,  while  a  doubling  in  energy 
is  the  maximum  increase  or  reinforcement 
which  can  take  place  at  any  one  point,  the 
decreased  level  or  cancellation  effect  can 
be  infinite.  Consequently,  any  absorption  at 
the  point  of  reflection  will  tend  to  decrease 
the  additive  and  subtractive  components, 
and  to  minimize  the  modification  of  the 
characteristics  of  the  direct  sound. 

Control  of  Reflection  Effects 

For  proper  sound  reflection  control  in 
an  auditorium  the  acoustic  treatment  and 
shape  of  the  walls  and  ceiling  must  be 
such  as  to  thoroughly  diffuse  the  reflected 
sound.  In  other  words,  the  reflected  energy 
received  in  any  auditorium  location  should 
not  come  from  one  particular  reflecting 
area  but  should  be  contributed  by  numer- 
ous reflecting  surfaces.  The  energy  from 
any  one  reflection  should  be  small  com- 
pared to  the  total  reflected  sound  energy  at 
any  point  in  the  auditorium.  This  also  pro- 
vides a  uniform  logarithmic  decay  of  the 
reverberant  sound/5 

Little  is  gained  by  attempting  to  rein- 
force the  direct  sound  by  allowing  maxi- 
mum reflection  to  take  place  as  any  small 
gain  in  sound  energy  may  be  overbalanced 
by  destructive  interference  effects. 


Optimum  Acoustical  Design 

Two  of  the  most  common  acoustical  de- 
fects of  a  theatre,  attributable  to  poor 
shape  design,  are  echoes  and  sound  con- 
centrations.,s  These  as  well  as  other  defects 
can  be  avoided,  and  the  optimum  charac- 
teristics obtained  by  observing  the  follow- 
ing general  rules   (See  Figure  2): 

1.  The  cubical  contents  should  be  kept 
to  a  minimum,  consistent  with  the 
number  of  seats  required. 

2.  The  auditorium  width  should  be 
from  5  0  to  70' r  of  the  length,  and 
the  ceiling  height  not  more  than 
40r<    of  the  length. 

3.  Non-parallel  surfaces  should  be  used. 

4.  Convex  rather  than  concave  walls 
and  ceiling  sections  should  be  pro- 
vided. The  wall  and  ceiling  sur- 
faces should  also  otherwise  be  broken 
up  so  as  to  thoroughly  diffuse  the 
sound. 

5.  The  average  absorption  per  square 
foot  on  the  floor  and  ceiling  should 
not  be  appreciably  different  from 
the  average  absorption  per  square 
foot  on  the  side  walls. 

6.  Well-upho!stered  seats  and  ozite- 
lined  carpet  in  the  aisles  should  be 
provided. 

7.  The  backstage  should  be  so  shaped 
and  so  acoustically  treated  that  reso- 
nant reinforcements  of  sound  will 
not  be  reflected  into  the  auditorium 
to  distort  sound  quality. 

It  should  be  pointed  out  that  the  design 
in  Figure  2  is  only  one  method  of  applying 
the  above  principles  to  obtain  an  ideal 
set-up.  The  fully  convex  rear  wall  and  the 
convex  sections  on  the  side  walls  and  ceil- 
ing are  ideal  design  features,  but  a  design 
including  the  three  convex  surfaces  on  the 
rear  wall  or  a  design  as  shown  by  the  solid 
lines  will  also  give  excellent  results. 

These  general  rules  will  be  explained  in 
greater  detail  and  illustrations  given  of 
good  and  faulty  designs. 
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SIZE  OF  ROOM 

Optimum  Volume 

Both  from  an  acoustical  standpoint  and 
in  the  interests  of  economy,  the  cubical 
content  or  volume  of  the  auditorium  should 
be  kept  as  small  as  possible,  consistent  with 
the  required  seating  capacity  and  proper 
proportions  of  length,  width,  and  height. 

In  small  sized  auditoriums  it  is  possible 
to  obtain  optimum  reverberation  conditions 
without    acoustic    treatment    on    the    walls 


and  ceiling,  provided  the  seats  are  fully 
upholstered,  the  aisles  carpeted,  and  the 
auditorium  properly  designed  to  diffuse  the 
sound  reflections  and  to  provide  uniform 
loudness  at  every  seat  in  the  auditorium. 

Recent  acoustical  design  in  which  the 
volume  has  been  held  to  a  minimum,  with- 
out sacrifice  of  other  features,  has  provided 
one  of  the  most  outstanding  improvements 
in  general  sound  quality  in  the  theatre. 
From  an  average  of  recent  trends  in  design 


Figure   2 
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giving  satisfactory  performance,  it  has 
been  determined  that  approximately  12  5 
cubic  feet  per  seat  is  desirable  for  a  me- 
dium sized  house.4  This  figure  varies  with 
the  seating  capacity  of  the  auditorium. 

Minimum  Power  Requirements 
for  Theatres 

The  acoustical  power  necessary  for  prop- 
er sound  reproduction  varies  with  the 
volume  of  the  auditorium.  "Minimum 
Power  Requirements  for  Theatres"  have 
been  established  by  the  Academy  Research 
Council,0  and  are  given  in  Figure  3  in 
terms   of   amplifier  watts   installed. 

SHAPE  OF  ROOM 

Recommended  Auditorium  Proportions 

For  some  time,  a  proportion  of  from  5  0 
to  70%  between  length  and  width  has 
been  considered  good.6  The  source  of 
sound  is  at  the  end  of  small  dimension. 
In  a  room  with  non-parallel  walls  or  of 
irregular  contours,  the  above  rule  may  be 
applied  using  the  average  width  and  length. 
In  those  rooms  where  the  length  is  greater 
than  twice  the  width,  the  reflections  be- 
tween the  side  walls  cause  serious  damage 
to  the  quality. 

As  previously  explained,  excessively  high 
rooms  should  be  avoided;  that  is,  the  ceil- 
ing height  should  be  kept  to  the  minimum 
consistent  with  the  seating  capacity  and 
other  necessary  architectural  requirements. 

Side  Walls 

Flat  parallel  walls  in  auditoriums  of  all 
sizes  have  always  been  a  distinct  source  of 
trouble  from  both  a  vision  and  sound 
standpoint.  In  such  an  auditorium,  seats 
installed  in  the  front  corner  sections  of  the 
ground  floor  afford  only  a  very  distorted 
vision  of  the  picture  and  are  unsatisfactory 
to  the  theatre  patron.  From  a  sound  stand- 
point, flat  parallel  surfaces  give  rise  to  dis- 
turbing sustained  cross  reflections.  A  thea- 
tre   with    a    "fan-shaped"    floor    plan,    as 


shown  in  Figure  2,  offers  decided  advan- 
tages over  rectangular  designs  as  better 
vision  is  secured,  and  a  basic  shape  is  avail- 
able which  is  easily  accommodated  to  a  side 
wall  design  giving  proper  diffusion  and 
control  of  the  reflected  sound.' 

Where  it  is  not  practicable  to  use  convex 
side  wall  surfaces  because  of  economic 
limitations  or  difficulties  of  providing 
proper  lighting,  the  side  walls  should  be 
broken  up  into  sloping  sections.  These  sec- 
tions should  be  so  angled  with  respect  to 
the  high-frequency  horn  as  to  reflect  the 
sound  well  into  the  side  rather  than  too 
much  into  the  center  of  the  audience. 

Auditorium  Ceiling 

The  ceiling  surface  should  not  be  par- 
allel to  the  floor,  as  such  a  design  results  in 
acoustical  deficiencies. 

As  shown  in  Figure  2,  the  ceiling  should 
be  designed  to  secure  desirably  directed  re- 
flections and  to  eliminate  echoes.  In  all 
cases  every  effort  should  be  made  to  avoid 
ceiling  designs  which  involve  domes  or 
other  concave  types  of  construction  which 
focus  the  sound  into  the  seating  area. 

Lighting  fixtures  constructed  with  loose- 
ly held  portions  of  glass  or  plastic  materials 
should  be  avoided  as  such  fixtures  often 
rattle,  being  resonant  at  certain  frequencies. 

Auditorium  Floor 

Well-upholstered  and  heavily  padded 
seats  should  be  used  in  furnishing  the  audi- 
torium. The  aisles  and  corridors  should  be 
covered  with  ozite-lined  carpet.  This  re- 
duces the  variation  in  the  reverberation 
time  under  different  audience  conditions. 

With  upholstered  seats  and  carpeted 
aisles,  it  is  generally  not  desirable  to  acous- 
tically treat  the  ceiling.  Such  treatment 
results  in  an  acoustic  condition  in  which 
the  reverberation  time  is  shorter  in  the 
vertical  direction;  that  is,  between  the  floor 
and  the  ceiling  than  between  the  side  walls 
and  the  front  and  rear  walls.  For  optimum 
acoustical  conditions  in  a  room,  it  is  nee- 
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Figure   3 


essary  that  the  reverberation  die  away  uni- 
formly in  every  direction. 

Rear  Wall  Construction 

It  the  past,  rear  wall  construction  has 
often  led  to  serious  acoustical  deficiencies 
in  the  theatre.  Unbroken  walls  have  given 
rise  to  reflections  back  into  the  audience 
with  sufficient  magnitude  and  time  delay 
to  be  audible  as  echoes.  Concave  rear  wall 
construction  with  consequent  focusing  of 
the  reflected  sound  has  also  adversely  af- 
fected sound  quality.  In  contrast,  convex 
surfaces  provide  the  highest  degree  of 
sound  dispersion. 

The  individual  shaping  may  take  dif- 
ferent forms  but  should  always  diffuse  the 
sound.  Otherwise  the  sound  reproduction 
will  lack  presence;  that  is,  the  voices  of 
the  actors  will  appear  to  come  from  a 
source  other  than  the  screen  and  the  illu- 


sion of  reality,  so  important  to  the  proper 
presentation  of  sound  motion  pictures,  will 
be  lost.  A  modified  convex-type  rear  wall 
can  be  utilized  to  advantage  in  order  to 
conserve  seating  area  and  at  the  same  time 
to  eliminate  the  focal  difficulties  inherent 
with  concave  rear  wall  design.  Definite 
breaks  in  the  contours  which  would  have 
any  tendency  to  form  pockets  and  produce 
resonant  cavities  should  be  strictly  avoided 
in  the  rear  and  side  walls. 

Illustrations  of  Bad  Acoustical 
Designs 

A  typical  example  of  a  theatre  with 
faulty  acoustics  is  shown  in  Figure  4.  The 
auditorium  is  rectangular  in  shape  with 
flat  parallel  side  walls,  a  flat  rear  wall  and 
a  relatively  unbroken  ceiling.  These  walls 
contribute  to  multiple  echoes  and  a  very 
bad  overall   acoustical   condition.     The  in- 
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Figure  4 


telligibility  of  the  dialogue  is  low. 

Figure  5  illustrates  a  side  wall  section 
constructed  so  as  to  focus  the  sound  into 
the  seating  area.  The  concave  wall  surface 
adjacent  to  the  stage  focuses  the  reflected 
sound  into  the  center  section  of  the  seating 
area,  reducing  screen  presence  and  intelli- 
gibility. 

By  constructing  the  front  portion  of  the 
side  wall  in  a  convex  shape  as  illustrated 
in  Figure  6,  a  properly  diffusing  surface  is 
provided  and  the  acoustic  defects  are 
avoided.  The  shape  of  the  wall  in  Figure 
6   may   be   seen   by   noting   the  junction  of 


the  wall  and  the  ceiling. 

Another  example  is  shown  in  Figure  7, 
where  the  ceiling  is  also  flat  and  unbroken. 
In  this  case  it  was  necessary  to  tilt  the  high- 
frequency  horn  well  down  into  the  au- 
dience to  eliminate  reflections  from  the  ceil- 
ing. This  decreased  reflection  effects  but 
provided  a  decided  difference  in  quality  be- 
tween the  front  and  back  seating  sections. 

A  recent  trend  in  rear  wall  construction 
is  shown  in  Figures  8  and  9.  When  de- 
signed it  was  felt  that  such  a  tilting  of 
the  rear  wall  would  reinforce  the  sound 
in    the   back   portion   of    the   seating   area, 
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giving  a  more  uniform  loudness  level  tions.  The  rear  wall  must  always  be  con- 
throughout  the  auditorium.  Tests  have  in-  sidered  in  conjunction  with,  and  never 
dicated  that  these  constructions  are  unde-  separately  from,  the  side  wall,  ceiling,  and 
sirable,   as   this   type  of  rear  wall   tends   to  floor  designs. 

concentrate   low-frequencv    sound    in    rear  .                                  ,             .      . 

,.                            i            '  l    «.                _..  Application  of  Good  Design  Principles 

audience    areas    and    contributes     to    poor  /  '                      >                         *                   r 

sound  quality.  A  practical  example  of  the  application  of 


Figure  5 


As    a    result    of    these    experiences,    such  these     design     principles     resulting     in     a 

designs    are    considered    impracticable    and  theatre   with   exceptionally   good    acoustics 

it  is  recommended  that  the  rear  wall  gen-  is  illustrated  in  Figures   10-A,  -B,  and  -C. 

erally  be  vertical  and  of  such  shape  as  to  Figure  10-A  shows  the  rear  wall  and  ceil- 

diffuse  the  reflected  sound  and   to  deliver  ing  construction  as  viewed  from   the  side 

it  back  into  the  audience  in  random  direc-  of  the  auditorium.    Figure   10-B  is  a   view 
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from  the  stage.  Figure  10-C  is  a  schematic 
showing  the  vertical  and  horizontal  cross 
sections  of  the  auditorium  and  the  three 
different  rear  wall  cross  sections  in  detail. 
This  particular  auditorium  has  been  con- 
structed on  one  of  the  studio  lots  and  seats 
approximately  700  people.  However,  in  a 
commercial  application  the  rows  would  be 


give  a  series  of  differently  sloped,  small 
reflecting  surfaces  with  the  direction  of  re- 
flection well  into  the  side  of  the  seating 
area.  The  same  construction  has  been  used 
on  the  ceiling.  The  rear  wall  surfaces  con- 
sist of  flat  area,  but  the  overall  contour  is 
convex,  and  the  walls  are  sectioned  in  ir- 
regular sizes  and  at  different  angles  so  that 


v 


> 


Figure  6 


closer  together,  so  this  theatre  may  be  con- 
sidered to  have  a  seating  capacity  of  about 
1,000. 

Although  the  principles  of  good  design 
are  fulfilled,  certain  features  depart  from 
the  ideal  given  in  Figure  2.  Fortunately, 
such  deviations  may  be  made  without  se- 
rious penalty.  The  side  walls,  while  of 
straight  sections,  have  been  broken  up  to 


each  section  is  contributing  only  a  small 
reflection  in  any  particular  direction.  It 
should  be  noted  that  all  sections  of  the 
rear  wall  are  vertical  and  do  not  tilt  toward 
the  seating  area. 

Backstage  Acoustical  Treatment 

In  the  reproduction  of  sound  in  the  thea- 
tre one  of  the  most  critical  acoustical  re- 


THEATRE  ACOUSTIC  RECOMMENDATIONS 


273 


Figure  7 


quirements  is  adequate  backstage  draping. 
In  the  design  of  the  speaker  and  its  asso- 
ciated unit  every  effort  is  made  to  minimize 
the  amount  of  sound  radiated  from  the 
back  of  the  loud  speaker.  However,  a  cer- 
tain amount  of  "leakage"  radiation  takes 
place  and  must  be  adequately  absorbed.  It 
is  realized  that  efforts  along  this  line  have 
been  made  by  various  architects,  but  in 
general  the  absorption  provided  has  not 
been  sufficient. 


Although  the  rear  wall  of  the  stage  is 
often  covered  with  rock  wool  blankets, 
this  material,  when  applied  directly  to  a 
brick  wall  or  other  hard  surface,  has  been 
inadequate.  In  other  cases  the  absorption 
material  has  been  set  out  from  the  wall  on 
furring  strips  with  the  absorption  material 
applied  to  wire  mesh  stretched  across  the 
strips  to  increase  the  low-frequency  ab- 
sorption properties.  This  is  far  more  ef- 
fective than  the  former  method,  but  still 
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does  not  reduce  the  backstage  reverberation 
time  to  the  necessary  negligible  amount. 

It  has  been  observed  that  in  a  large 
number  of  cases  this  treatment  is  finished 
with  a  white  surface,  and  for  proper  pic- 
ture projection  results  it  is  suggested  that 
a  black  covering  be  used  instead  to  avoid 
light  reflections  back  to  the  screen. 

Considering  the  type  of  backstage  ab- 
sorption treatment  normally  provided  it 
has  been  necessary  for  the  theatre  owners 


to  completely  cover  the  back  of  the  screen 
with  ozite,  with  the  exception  of  the  space 
occupied  by  the  loudspeakers. 

Suitably  located  drapes  around  and 
above  the  speaker  provide  an  efficient 
means  of  absorbing  undesirable  backstage 
sound  reflections.  However,  this  type  of 
treatment  is  an  added  expense  to  the  ex- 
hibitor and  some  form  of  speaker  draping 
and  screen  masking  should  be  combined 
in  the  initial  design. 


Figure  8 


THEATRE  ACOUSTIC  RECOMMENDATIONS 


275 


Figure  9 


In  the  design  of  the  stage  of  the  audi- 
torium, two  factors  should  be  borne  in 
mind.  First,  for  proper  viewing  and  lis- 
tening conditions  the  first  row  of  seats 
should  be  at  least  20  feet  from  the  screen, 
where  the  screen  is  not  more  than  16  feet 
in  width.  For  wider  screens  the  first  row 
of  seats  should  be  back   an   additional   1 5 


inches  for  each  foot  of  screen  width  over 
16  feet.  Second,  the  stage  floor  should  be 
shaped  to  give  an  unobstructed  view  from 
the  front  seats,  and  the  stage  area  should 
be  covered  with  a  rug  or  other  sound  ab- 
sorption material  to  eliminate  reflections 
directly  from  the  loud  speaker  into  the 
seating  area. 
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mm 


Figure   10-A 


ABSORPTION  CHARACTERISTICS 
OF  ACOUSTICAL  MATERIALS 

The  absorption  characteristics  of  com- 
mercial acoustic  materials  vary  widely. 
Some  materials  also  show  a  pronounced 
absorption  peak  in  their  characteristic. 
These  materials,  while  highly  efficient  for 
certain  purposes  (absorption  of  typewriter 
clicks,   for  instance),  may  be   detrimental 


in  a  theatre  as  their  use  produces  a  non- 
uniform response. 

Materials  selected  should  show  a  smooth 
absorption  characteristic  and  materials 
with  adequate  absorptivity  at  the  low  fre- 
quencies should  be  used.  For  this  reason 
care  should  be  taken  in  selecting  the  mate- 
rial to  be  used  in  an  auditorium  in  order 
that  the  desired  overall  effect  be  secured. 

Modern    acoustic    materials    are  of  such 
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varied  design  and  construction  that  it  is 
possible  for  the  architect  to  apply  the 
proper  sound  absorption  material  and  at 
the  same  time  to  produce  almost  any  artis- 
tic effect  desired. 


follows:  Where  a  wall  is  not  rigidly  sup- 
ported, as  in  the  case  of  a  furred-out  wall, 
it  will  act  as  a  diaphragm  and  vibrate  at 
certain  frequencies,  depending  upon  the 
dimension  of   the  wall,   the  mass  per  unit 


Figure    10-B 


Low -Frequency  Absorption 

Due  to  the  fact  that  many  acoustic  ma- 
terials are  deficient  in  absorbent  qualities  at 
the  low  frequencies,  it  is  often  necessary  to 
use  these  materials  in  a  particular  way  to 
effect  sufficient  low-frequency  absorption 
in  the  auditorium.  To  obtain  this  absorp- 
tion at  the  extreme  low  frequencies  the 
diaphragm  action  of  the  walls  should  be 
utilized.    This  action  may  be  explained  as 


surface  and  the  manner  of  wall  support. 
This  diaphragm  action  may  either  reinforce 
or  absorb  the  sound  near  the  particular 
frequency  at  which  the  wall  resonates.  If 
the  wall  has  little  internal  resistance  it 
will  continue  to  vibrate  after  the  original 
sound  has  died  down  and  will  reradiate 
energy  into  the  room,  reinforcing  the  orig- 
inal sound. 

In  contrast  to  this,  if   the  material  has 
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BOTTOM    SECTION   OF   REAR    WALL 


CENTER    SECTION    OF    REAR    WALL 


TOP    SECTION    OF    REAR    WALL 


STAGE 
Figure  10-C 
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high  internal  resistance  to  vibration  (as  do 
masonite,  celotex  and  similar  acoustic  ma- 
terials) the  vibrations  will  die  down  faster 
than  the  reverberation  time  in  the  room 
and  no  "hang-over"  effect  takes  place.  To 
avoid  a  boomy  house  (which  has  excessive 
response  in  the  region  from  60  to  3  00 
cycles)  it  is  often  advisable  to  make  use 
of  this  diaphragm  action  to  absorb  these 
low  registers. 

In  the  practical  application  of  such  de- 
sign the  furred-out  walls  should  be  made 
into  different  size  sections  by  irregular 
bracing  of  the  wall  itself.  Such  construc- 
tion provides  wall  sections  of  different  di- 
mensions which  absorb  the  low  frequencies 
through  a  wider  band  and  avoid  dips  or 
peaks  in  the  response  characteristics. 

Non-symmetrical  Absorption  Areas8 

The  most  recent  design  considerations 
have  proven  the  efficacy  of  using  complete- 
ly non-symmetrical  small  areas  of  absorp- 
tion materials  as  contrasted  with  the  earlier 
use  of  large  treated  surfaces.  This  non-sym- 
metrical arrangement  tends  to  maintain  the 
long  indirect  path  reflections  and  to  reduce 
the  formation  of  surface  patterns,  result- 
ing in  unsatisfactory  sound  conditions. 

The  amount  of  sound  absorption  mate- 
rial necessary  in  theatres  of  various  sizes 
is  given  in  Figure  11.  This  chart  is  use- 
ful for  design  purposes. 

AUDITORIUM  NOISE  LEVEL 

A  theatre,  to  have  good  acoustics,  should 
have  its  walls  insulated  against  the  trans- 
mission of  outside  noise  into  the  audi- 
torium.9 The  transmission  of  sound  is  of 
two  kinds: 

1.  Air  borne 

2.  Structural 

Small  openings  around  doors,  windows, 
through  portholes,  etc.,  transmit  sound 
readily.  For  this  reason  all  of  the  joists 
between  walls,  doors  and  windows  which 
lead   outside    should    be   made   as    tight    as 


possible.  Transmission  of  sound  through 
the  building  structure  (such  as  the  noise 
from  vibrating  machinery)  can  be  mini- 
mized by  using  double  wall  and  double 
floor  construction  where  required  and  by 
separating  all  vibrating  machinery  from 
their  supporting  structure  with  vibration 
isolating  materials  such  as  cork  or  rubber. 
Massive  walls  are  not  always  necessary  to 
obtain  sufficient  sound  insulation.  A  double 
wall  of  fairly  light  construction  will  give 
good  sound  insulation  provided  the  two 
walls  are  not  closely  coupled  mechanically 
by  nails  or  rigid  close  members. 

A  large  part  of  the  transmitted  noise 
often  comes  from  the  projection  booth. 
For  this  reason  as  much  fireproof  acous- 
tic material  as  possible  should  be  placed  on 
the  inside  walls  and  ceiling  of  the  booth. 
As  much  of  the  projection  booth  noise  is 
radiated  through  open  portholes  or  port- 
holes with  glass  windows,  these  too  should 
be  treated. 

It  is  also  recommended  that  the  air- 
conditioning  system  be  operated  at  a  low 
noise  level,  by  employing  a  large  volume, 
slow  velocity  system. 

SUMMARY 

In  summarizing  these  THEATRE 
ACOUSTIC  RECOMMENDATIONS  ref- 
erence is  again  made  to  Figures  2  and  10, 
and  the  foregoing  principles  presented  in 
outline  form. 

The  essential  design  features  are: 

1.  A  minimum  volume  consistent  with 
the  required  seating  capacity  and 
proper   auditorium   proportions. 

2.  An  auditorium  width  of  from  50  to 
70%  of  the  length  and  an  audi- 
torium ceiling  height  of  not  more 
than  40%  of  the  length. 

3.  The  use  of  non-parallel  surfaces;  in 
particular,  the  floor  should  not  be 
parallel  to  any  ceiling  section  nor 
opposite   side   wall   sections  parallel. 

4.  The  use  of  convex  rather  than  con- 
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cave  surfaces.  In  addition,  the  wall 
and  ceiling  surfaces  should  other- 
wise be  broken  up  so  as  to  thorough- 
ly diffuse  the  sound. 
Auditorium  absorption  characteris- 
tics   to    provide    the    same    rate    of 


signed  for  good  viewing  conditions 
from  the  front  seating  section. 
9.  Auditorium  walls  with  sufficient 
sound  insulation  material  to  prevent 
extraneous  noise  entering  the  audi- 
torium. 


DPTIMUM 

ABSORPTION     FOR    THEATRES 

20t000 
10,000 

A    1000  ~ 
J    500    ~ 

y 

'' 

P 

/    100  ~ 

/ 50~ 

$\ 

?j4 

/' 

.& 

v< 

/ 

7000 

/s\ 

'/ 

y 

SOOO 

3  000 
2.000 

1000 

/: 

>vy/ 

yfyi 

r 

J& 

fyy 

700 

jGGrA 

y 

&? 

r 

%y 

V 

VOLUME     IN    CUBIC    FEET 


Figure  11 


sound    decay   in   a   vertical   as   in    a 
horizontal    direction    from     side    to 
side  or  from  back  to  front  walls. 
Heavily  upholstered  seats  and  ozite- 
lined  carpet  in  the  aisles. 
Backstage  treatment  giving  a  negli- 
gible  amount   of   reflected   or   rera- 
diated  sound  from  the  backstage  into 
the  auditorium. 
A   heavily   carpeted   proscenium   de- 


10.  The  projection  booth  acoustically 
treated  with  fire-proof  material  and 
projection  ports  equipped  with  acous- 
tic baffles. 

11.  All  equipment  subject  to  vibration 
and  hum  such  as  arc  generators, 
voltage  regulators,  lighting  control 
equipment,  etc.,  acoustically  isolated 
from  the  auditorium. 

12.  Air-conditioning     equipment     of     a 
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high-volume,  low  air-velocity  type 
with  air  ducts  provided  with  acous- 
tic baffles. 

Long,  narrow  auditoriums,  high  ceilings, 
excessively  long  and  narrow  balcony  over- 
hangs, concave  focusing  surfaces,  and  large 
unbroken  reflecting  areas  should  always 
be  avoided,  as  acoustical  faults  will  always 
result  from  their  use. 


If  these  Recommendations  are  followed, 
the  resulting  auditorium  will  give  sound 
(as  reproduced  on  a  modern  two-way 
equipment)  with  high  intelligibility,  warm, 
natural  screen  presence,  good  balance  be- 
tween high  and  low  frequencies,  uniform 
loudness  level  throughout  the  auditorium 
and  the  proper  relative  balance  between 
high  level  music  passages  and  low  level, 
intimate  dialogue  scenes. 
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Acoustical  Materials 

And  Their  Use  in  the  Theatre 

By  GEORGE  P.  LITTLE 


A  theatre  that  is  perfectly  constructed 
from  an  acoustical  standpoint  and  pos- 
sesses a  well  made  and  well  suited  sound 
system  would  be  free  of  any  sound  prob- 
lems. The  blame  for  poor  sound  may  there- 
fore be  sought  either  in  the  sound  equip- 
ment or  in  the  theatre  acoustics. 

Equipment  and  Acoustics 

The  trouble  with  many  sound  systems  is 
that  they  are  not  suited  to  the  particular 
theatre,  that  is  to  say,  to  its  cubical  con- 
tent, its  shape  or  its  seating  capacity.  If 
the  sound  equipment  is  at  fault,  the  theatre 
owner  should  replace  it  at  the  earliest  op- 
portunity, and  secure  competent  profes- 
sional advice  when  purchasing  a  new 
system. 

But  the  sound  system  may  not  be  at 
fault.  In  thousands  of  theatres  in  the  coun- 
try, the  sound  is  harsh  or  unintelligible  to  a 
considerable  portion  of  the  audience,  in 
spite  of  adequate  sound  equipment.  When 
this  is  the  case,  we  know  at  once  that  we 
have  a  problem  in  theatre  acoustics. 

May  I  pause  to  remark  that  there  are 
a  good  many  theatre  owners  who  do  not 
know  that  they  have  poor  sound.  I  sup- 
pose it  is  only  human  nature  for  an  exhib- 
itor to  be  prejudiced  in  favor  of  his  own 
theatre,  and  to  take  it  for  granted  that  his 
projection  and  sound  are  as  good  as  that 
of  anyone  else.  If  you  have  the  slightest 
suspicion  that  your  sound  is  not  what  it 
should  be — and  your  box  office  receipts 
may  well  give  you  such  a  suspicion — it  is 
high    time    to    consult    some    independent 


opinion.  Ask  your  theatre  equipment  deal- 
er, your  projectionist,  your  sound  service 
man,  the  good  wife  and  a  dozen  or  two  of 
your  patrons.  You'll  get  plenty  of  varied 
opinion,  I  know,  but  at  least  those  opin- 
ions may  indicate  that  you  ought  to  do 
something  about  your  sound. 

Poor  sound  keeps  people  away  from  the 
boxoffice.  Your  choice  of  good  pictures, 
your  excellent  projection,  may  be  entirely 
nullified  by  bad  sound.  The  best  picture 
will  be  ruined  by  loud  blatant  noise  which 
makes  dialogue  unintelligible,  by  rever- 
berating echoes,  or  conversely,  by  weak 
sound  or  actual  "dead  spots."  People  come 
to  the  theatre  for  enjoyment,  and  if  you 
have  nothing  better  to  give  them  than  a 
case  of  irritated  nerves,  you  can  be  pretty 
sure  that  they  will  stay  away  from  your 
theatre  in  droves. 

The  Meaning  of  Acoustics 

Now  that  we  appreciate  the  importance 
of  good  sound,  what  can  we  do  to  improve 
theatre  acoustics? 

Webster  defines  "acoustics"  as  "The 
science  of  sound,  including  its  production, 
transmission  and  effects,  and  the  sum  ot 
the  qualities  that  determine  the  value  of 
an  auditorium  as  to  distinct  hearing."  If 
you  are  to  determine  the  acoustical  value 
of  your  theatre,  you  must  examine  the 
sum  of  its  acoustical  qualities. 

Poor  sound  comes  partially  from  poor 
acoustical  conditions — hard  plaster  walls, 
veneer  seats,  lack  of  sufficient  draperies 
and  carpets,  straight  walls  and  ceilings,  in- 
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Theatre  wall  panel,   showing  interesting   application   of   perforated   acoustic   tile. 


correct  relationsnip  of  ventilation  to  sound 
— to  name  a  few. 

Many  theatres,  due  to  their  shapes  and 
sizes,  have  major  acoustical  defects  which 
cause  echoes  and  objectionable  concentra- 
tions by  a  focusing  of  the  reflected  sound. 
When  a  sound  wave  strikes  the  wall  of  a 
theatre,  its  energy  is  partially  reflected,  par- 
tially absorbed  and  partially  transmitted. 
If  the  cause  of  the  trouble  is  a  curved  sur- 
face, such  as  a  dome,  it  may  not  be  pos- 


sible to  obtain  a  complete  correction  by 
the  use  of  acoustical  material  alone.  In  such 
cases,  the  reflected  sound  will  be  weaker, 
but  the  focusing  effect  caused  by  the  cur- 
vature of  the  dome  may  still  give  some 
trouble.  Covering  up  the  dome  with  a  flat 
suspended  ceiling  may  be  necessary  for  com- 
plete correction. 

Acoustical  Materials 

In  most  cases,  theatres  that  suffer  from 
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bad  sound  can  obtain  satisfactory  correc- 
tion from  the  installation  of  acoustical 
material. 

Care  should  be  taken  in  selecting  the 
acoustical  materials  to  be  used  in  a  theatre. 
The  materials  chosen  should  show  a  smooth 
absorption  characteristic,  in  order  that  the 
desired  overall  effect  may  be  secured. 


with 
with 


decorative  fabrics. 

3.  Acoustical    plasters,    applied 
trowel. 

4.  Fibrous  mixtures,  applied  witn  a 
spray  gun. 

The  most  popular  of  these  for  theatre 
use  is  the  first  named  —  rigid  units  or 
"tiles."    This  is  chiefly  due  to  the  fact  that 


I  imm 


Acoustic  tile  applied  between  pilasters  on  side  wall. 


Modern  acoustic  materials  are  of  such 
varied  design  and  construction  that  it  is 
possible  for  the  architect  to  apply  the 
proper  sound  absorption  material  and  at 
the  same  time  to  produce  almost  any 
artistic  effect  desired.  While  the  principal 
function  of  acoustical  materials  is  to  absorb 
sound,  they  have  come  to  be  considered  as 
a  highly  desirable  and  attractive  interior 
finish  on  walls  and  ceilings. 

There  are  four  general  classifications  of 
acoustical   materials: 

1.  Rigid  units  or  "tiles." 

2.  Flexible  felts  and  blankets,  with  sep- 
arate  coverings  of   perforated   material   or 


the  thickness,  and  therefore  the  property 
of  absorption,  is  more  easily  controllable 
and  uniform.  A  great  variety  of  materials 
in  this  classification  offers  a  wide  selection 
in  appearance,  and  the  decorative  possi- 
bilities in  "tile"  patterns  are  many.  Some 
truly  amazing  effects  have  been  obtained 
with  the  use  of  a  little  imagination  and 
artistic  sense,  as  the  illustrations  presented 
herein  will  well  bear  out.  Certain  types  of 
tiles,  characterized  by  small  surface  per- 
forations, can  be  painted  repeatedly  with- 
out injury  to  the  acoustical  properties. 

Flexible  felts  and  blankets,  as  previously 
mentioned,  require  a  covering.    This  cover- 
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ing  may  be  of  any  porous  fabric  or  per- 
forated material.  Perforated  metal  or  fibre- 
board  provides  substantial  protection  and 
permits  of  painted  decoration. 

Acoustical  plasters  and  sprayed-on  mix- 


acoustical  properties. 

Effect  of  Sound  Erequencies 

While   all    acoustical    materials   have    the 
common  characteristic  of  absorbing  sound, 


Highly  decorative  panels  of  perforated  acoustic  tile  on  ceiling  of  a  church  auditorium. 


tures  depend  largely  on  the  skill  of  the 
applicator  for  proper  mix,  uniformity  of 
thickness  and  result.  They  are  especially 
advantageous  for  use  on  sharply  curved 
surfaces,  inasmuch  as  they  offer  a  "one- 
piece"  rather  than  a  tile  pattern  treatment. 
Their  use  is  generally  confined  to  new 
construction.  Care  must  be  taken  in  paint- 
ing and  decorating  in  order  not  to  destroy 
surface    porosity    and    thereby    injure    the 


they  differ  widely  in  effectiveness  at  dif- 
ferent pitches  or  frequencies  of  sound. 
Although  materials  are  rated  for  their 
effectiveness  at  the  frequency  of  H2 
cycles,  and  at  the  average  for  several  fre- 
quencies (noise  reduction  coefficient),  com- 
plete test  data  is  available  and  is  considered 
by  the  acoustical  engineer  in  planning  a 
theatre  correction.  Extreme  care  must  be 
taken  in  the  selection  of  materials,  as  some 
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are  deficient  in  absorbent  qualities  at  the 
low  frequencies. 

How  much  acoustical  material  does  a 
theatre  need,  and  on  what  surfaces  should 
it  be  placed? 

These  questions  can  be  answered  in  each 
individual  case  by  a  scientific  analysis,  and 
without  guess  work.  The  acoustical  en- 
gineer, in  determining  the  answers,  uses 
accumulated  and  available  tables  of  sound- 
absorption  coeffcients,  the  Sabine  and 
Eyring  formulae,  tables  of  ideal  reverbera- 
tion times  for  auditoriums,  and  such  prac- 
tical considerations  as  the  relative  avail- 
ability and  economy  of  applying  material 
on  different  walls  or  ceiling  surfaces. 


The  principal  manufacturers  of  acousti- 
cal materials  offer  free  engineering  service 
to  assure  the  correct  and  satisfactory  use  of 
their  materials.  They  also  provide  experi- 
enced  and  responsible  applicator   service. 

The  sale  of  the  theatre's  sole  product — 
entertainment — depends  on  the  patron's 
ability  to  see  and  to  hear.  The  cost  of  pro- 
viding good  acoustics  is  small  when  com- 
pared with  the  total  cost  of  building  and 
furnishing  the  theatre.  It  is  regrettable  that 
it  is  too  often  passed  up  in  favor  of  other 
items  which  may  be  more  "showy,"  but 
which  are  far  less  potent  as  inducements 
to  patrons  to  return.  Surely  a  good  job, 
correctly  engineered  and  installed,  will  pay 
dividends  in  the  long  run. 


'So  you  want  a  job  in  this  theatre.  Tell  me,  do  you  drink?" 
"Sure,   thanks,   but   let's   talk   about   the   job   first." 
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And  the  \alue  of  Acoustical  Materials 


By  J.  B.  SHUMWAY 

Acoustical   Engineer,    The   Celotex   Corporation 


Too  many  theatre  owners  and  operators 
fail  to  appreciate  the  full  value  of  provid- 
ing effortless  hearing  for  their  patrons. 
Many  owners  do  not  realize  that  they  have 
poor  sound  conditions,  due  to  a  faulty 
sound  system,  which  can  be  corrected  only 
by  repairs  or  the  installation  of  new  equip- 
ment. And  many  do  not  realize  that  fre- 
quently poor  sound  conditions,  rendering 
the  program  harsh  and  nearly  unintelligible, 
are  due  solely  to  the  acoustical  weaknesses 
of  their  theatre.  The  patron  who  has  experi- 
enced good  acoustical  conditions  will  fully 
appreciate  the  value  of  sound  conditioning. 
There  is  no  substitute  for  easy,  comfortable 
hearing.  Where  it  exists,  new  patrons  be- 
come regulars.  The  best  picture,  the  best 
possible  projection,  and  the  lowest  box 
office  cost  can  be  entirely  nullified  in  the 
mind  of  the  relaxation-seeking  public  by 
blatant  noise  which  makes  dialogue  unin- 
telligible. Frequently  this  disturbing  noise 
is  due  entirely  to  excessive  reverberation. 
People  come  to  your  theatre  for  entertain- 
ment, relaxation  and  recreation.  To  keep 
them  coming,  your  facilities  must  parallel 
in  attractiveness,  comfort,  and  technical 
excellence  the  outstanding  quality  of  the 
programs  you  are  purchasing. 

Poor  sound  often  results  from  poor 
acoustical  conditions.  Sound  which  strikes 
highly  reflective  surfaces,  such  as  floors, 
plastered  walls  and  ceilings,  rebounds  with 


almost  undiminished  energy  and  remains 
within  the  room,  reflecting  from  surface  to 
surface,  for  a  considerable  period.  Almost 
immediately  every  part  of  the  room  is  filled 
with  reflected  sound  waves  traveling  in 
every  possible  direction  which  cause  rever- 
beration or  prolongation  of  the  original 
sound.  Excessive  reverberation  is  particu- 
larly disastrous  to  the  clear  understanding 
of  speech.  If  at  the  moment  the  speaker  is 
uttering  one  syllable,  the  sound  of  the  pre- 
ceding three  or  four  syllables  is  still  audi- 
ble in  the  room,  the  overlapping  and  con- 
fusion of  successive  words  and  syllables 
makes  all  of  them  "blurred"  and  "fuzzy". 
Many  theatres,  due  to  their  shapes  and 
sizes,  have  major  acoustical  defects  which 
cause  echoes  and  objectionable  concentra- 
tions by  a  focusing  of  the  reflected  sound. 
Curved  surfaces  which  cause  focusing  can, 
in  most  cases,  be  broken  up  to  remove  any 
focusing  effect. 

In  most  cases,  theatres  that  suffer  from 
undesirable  sound  conditions  can  obtain 
satisfactory  correction  by  the  proper  instal- 
lation of  suitable  acoustical  materials.  Many 
theatres  have  secured  satisfactory  results  by 
treating  the  ceiling  area  and  the  back  wall. 
Where  possible,  it  is  usually  advantageous 
to  place  the  treatment  on  side  and  back 
walls.  Under  any  conditions,  if  a  theatre 
is  over  fifty  feet  in  length,  it  is  essential 
that  the  back  wall  be  treated.    Usually  it 
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should  be  loaded  as  heavily  as  possible  with 
a  material  having  a  high  absorption  coeffi- 
cient in  order  to  eliminate  any  echo  or 
backslap  in  trie  seating  area.  In  most  in- 
stances it  is  also  essential  that  the  wall  area 
behind  the  screen  opening  be  covered  with 
an  acoustical  material. 


is  one  of  the  major  reasons  why  perforated 
acoustical  materials  are  more  widely  used 
than  other  types. 

Perforated  materials  are  not  dependent 
upon  a  porous  surface  for  absorption.  The 
sound  enters  the  body  of  the  tile  through 
the  mechanically  made  "holes".  The  surface 


lit 


An   interesting   combination   of  ceiling   and   side  wall   panel   treatment. 


Factors  in  Acoustical  Materials 

Several  factors  govern  the  selection  of 
proper  acoustical  materials  for  a  given 
theatre.  First,  of  course,  is  the  matter  of 
adequate — but  not  too  much — sound  ab- 
sorption. Secondly,  is  it  flexible  enough  to 
work  into  the  decorative  scheme?  Third, 
and  most  important  from  the  standpoint  of 
permanency,  can  it  be  easily  redecorated 
without  loss  in  efficiency?  This  last  factor 


area  between  the  holes  is  not  absorbent, 
hence  paint  here  does  no  harm — and  the 
perforations  are  of  such  size  that  normal 
painting  and  decorating  procedures  will 
not  clog  them. 

Celotex  makes  two  types  of  acoustical 
materials — one  of  cane  fibre,  and  another 
of  mineral  fibre,  the  latter  admitted  in  all 
construction  where  non-combustible  ma- 
terials are  required.. 
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The    most    distinguishing    characteristics       enough  resistance   to  create  friction   which 


of  a  Celotex  acoustical  product  are  its  per- 
forations. These  perforations  are  of 
definite  diameter,   depth  and   spacing. 

Perforations 


transforms  the  acoustic  energy  into  heat. 

Practically,  the  sound  is  "soaked  up"  by 
the  material  rather  than  reflected  back  into 
the  room. 

The    cane    fibre    materials    are    made   of 


All  acoustical  materials  are  porous.  The       tough    cane   fibres    called    bagasse.     In    the 


Acoustical   efficiency   may   be   obtained   in   combination    with   modern   interiors,   as    is 
shown  in  this  application  of  perforated  tile  in  the  Ambassador  Theatre,   Baltimore, 

Maryland. 


sound  impulses  enter  the  maze  of  tiny 
spaces  in  the  body  either  through  the  natu- 
ral interstices  on  the  surface  or  through 
mechanical  perforations  made  in  the  face 
of  the  material  expressly  for  the  admission 
of  those  sound  waves. 

In  penetrating  and  traveling  through  this 
maze,    the    sound    wave    encounters    just 


minute  interstices  between  the  fibres,  sound 
is  dissipated  by  friction. 

The  most  important  technical  advantages 
of  bagasse  fibre  are  purity,  resistance  to  de- 
cay, length,  strength,  springiness,  bulk,  .\nd 
the  sawtooth  character  of  the  fibre.  Owing 
to  the  deficiency  in  nitrogen  and  mineral 
salts,    the   bagasse  is   much   more   resistant 
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to  decay  than   other  vegetable  fibres. 

The  cane  fibres  used  are  thoroughly 
coated  during  the  manufacturing  process 
with  chemicals  that  make  them  water  re- 
sistant. The  practical  value  of  this  treat- 
ment has  been  demonstrated  in  thousands 
of  installations  in  all  parts  of  the  world. 
Only  in  rooms  where  conditions  of  exces- 
sive humidity  exist  for  long  periods  is 
this   product   not   recommended. 

Fire  Resistance  of  Cane  Fibres 

While  it  is  not  claimed  that  the  cane 
fibre  material  is  "fireproof,"  it  does  stand 
up  well  in  actual  service,  and  in  several 
respects  may  act  as  a  fire  retardant. 

1.  It  does  not  flame  readily  as  does 
wood,  because  it  does  not  contain  pitches 
or  resins,  which,  under  the  influence  of  the 
temperature  of  combustion,  may  generate 
inflammable  gases  that  accelerate  the  fire 
to  the  point  where  explosions  result.  These 
tiles  burn  or  smolder  at  a  very  slow  rate. 

2.  As  this  material  has  a  high  heat  in- 
sulating value,  it  retards  the  passage  of 
the  heat  of  the  fire  to  combustible  matter 
beyond.  There  is,  therefore,  a  tendency  to 
confine  the  fire  to  the  room  in  which  it 
originates  and  to  hold  the  fire  until  proper 
steps  can  be  taken  to  put  it  out. 

3.  It  is  usually  applied  against  a  solid 
incombustible  backing  without  open  joints 
or  cracks  through  which  a  flame  can  pass 
and   ignite  inflammable  material  beyond. 

Mineral  Fibre  Materials 

Acoustical  materials  made  of  mineral 
fibres  (rockwool)  are  felted  in  a  manner 
similar  to  that  used  in  the  manufacture  of 
cane  fibre  materials,  but  with  the  addition 
of  a  suitable  binder.  This  binder  is  added 
to  provide  strength  and  toughness  in  the 
finished  product. 

Sound  is  dissipated  by  friction  in  the 
minute  interstices  between  the  fibres. 

The  tile  is  integrally  waterproofed  dur- 
ing manufacture  by  means  of  a  chemical 
treatment  which  prevents  disintegration 
where  the  tile  is  accidentally  submerged  in 


water.  However,  it  is  not  recommended  for 
use  in  rooms  where  conditions  of  continual 
excessive  humidity  exist. 

Mineral  fibre  materials  are  rated  as 
incombustible. 

Engineering  Aid  Required 

Each  individual  theatre,  because  ot  its 
physical  dimensions  and  characteristics,  pre- 
sents a  separate  problem  in  acoustical  treat- 
ment. Although  the  customary  treatment 
of  covering  back  and  side  walls  is  ordi- 
narily satisfactory,  there  may  be  special 
factors,  such  as  balconies,  unusual  ceiling 
heights,  extensive  draperies  or  other  con- 
ditions which  require  special  tailoring  to 
solve  the  problem  and  to  provide  a  pleasing 
and   artistic   appearance. 

The  major  manufacturers  of  acoustical 
materials  are  usually  represented  by  a  na- 
tion-wide distributor  organization,  each  of 
whom  maintain  a  trained  staff  of  acoustical 
engineers  to  properly  service  their  custo- 
mers' requirements.  Since  each  installation 
of  acoustical  correction  presents  an  indi- 
vidual problem,  the  wise  theatre  owner  will 
consult  a  reputable  acoustical  distributor 
and  obtain  engineering  assistance  which  is 
furnished  without  obligation.  The  Celotex 
Corporation  annually  holds  an  Acoustical 
School  for  the  personnel  of  its  distributors' 
organizations  to  train  men  in  the  technique 
of  acoustical  analyzation  and  installation 
and  to  familiarize  them  with  the  solutions 
of  the  engineering  problems  involved.  This 
school  is  designed  for  the  initial  training 
of  men  new  to  the  acoustical  business  and 
as  a  refresher  course  for  the  experienced 
men  who  wish  to  familiarize  themselves 
with  the  latest  developments  in  the 
industry. 

The  Projection  Room 

No  discussion  of  theatre  sound  condi- 
tioning would  be  complete  without  a  word 
about  the  projection  room.  Two  problems 
arise  here;  first,  the  simple  matter  of  ma- 
chine noise  that  may  escape  through  the 
ports  into  the  audience  area.  This  is  par- 
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ticularly  objectionable  where  the  projection 
room  opens  immediately  onto  the  balcony. 
Substantial  reduction  of  this  noise  can  be 
effected  by  treating  the  ceiling  of  the  room 
with   acoustical    material.   Even    more   lrn- 


that  should  have  attention  is  the  attractive 
restfulness  of  the  foyer  areas  and  the  luxur- 
ious quietness  of  the  rest  and  smoking 
room.  These  areas,  when  designed  and  dec- 
orated for  your  patrons'  comfort,  can  do  as 


Under  balcony  decorative  application  of  acoustical  material,  showing  border  design 

and  ceiling  treatment. 


portant  is  the  necessity  of  improving  the 
hearing  conditions  within  the  projection 
room  where  the  monitor  horn  is  located. 
No  projectionist  can  be  expected  to  handle 
the  sound  control  in  the  auditorium  prop- 
erly when  the  reproduction  from  his  mon- 
itor horn  is  masked  by  machine  noise. 

Another    item    of    "customer-comfort" 


much  as  anything  toward  convincing  them 
of  the  exhibitor's  interest  in  their  pleasure. 
Acoustical  treatment  of  foyer  areas  will 
provide  comfortable  relaxing  waiting  space, 
as  well  as  preventing  objectionable  and  dis- 
tracting noise  from  entering  into  the  audi- 
torium proper.  Nothing  can  be  more  an- 
noying than  external  noise  interrupting  a 
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fascinating  program.  The  impression  of  ness  in  rest  and  smoking  rooms  is  an  asset 
luxuriousness  created  by  handsome  furnish-  that  will  bring  you  new  customers  and  will 
ings   complimented   with   acoustical  quiet-       make  them  "regular"  patrons. 


'■' '"  ; 
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'Mr.   Heft,    my   wife   and   I    are   finding   it   difficult   to   live   on   my   salary." 
'That's   too   bad,   Jones.   Why  don't  you  see  a   lawyer   and  get   a   divorce?" 
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Acoustical  Problems 


Treatment  for  better  Theatre  Sound 

By  ALLEN  WILSON 

The  Celotex  Corporation 


Since  the  introduction  of  the  sound 
track  to  motion  pictures,  valuable  experi- 
ence has  been  gained  in  achieving  satisfac- 
tory acoustical  conditions   in    theatres. 

The  acoustical  problem  presented  by  the 
modern  amplification  system  is  entirely 
different  from  that  encountered  when  deal- 
ing with  the  unamplified  human  voice  or 
musical  instruments. 


With  unamplified  sound,  a  substantial 
amount  of  reverberation  is  desirable  to 
reinforce  the  original  source.  However, 
with  modern  electrical  reproduction  sys- 
tems, all  necessary  reinforcement  is  amply 
taken  care  of  by  the  sound  system.  It  is 
of  primary  importance  in  a  theatre  to  pre- 
serve the  illusion  that  the  sound  is  coming 
actually   from    the   scene   being    portrayed 


An   artistic  employment  of   acoustical  tile  on  side  walls — the  Nile 
Theatre,  Minneapolis,  Minnesota 
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instead  of  from  loud  speakers  behind  a 
screen.  To  heighten  this  illusion  it  is  nec- 
essary to  reduce  "reverberation,"  "flutter," 
"back-slap,"  and  other  "room"  effects  to 
the  point  where  they,  cause  no  distraction. 
In  other  words,  the  audience  must  be  al- 
lowed to  forget  that  they  are  in  a  theatre, 
acoustically  speaking. 


possible;  if  not,  it  should  be  "loaded"  with 
treatment  to  a  point  where  it  is  almost 
wholly  sound  absorbent.  No  absorbent 
is  placed  on  the  ceiling  unless  it  is  un- 
usually high.  Adequate  treatment  is  placed 
on  the  front  wall  behind  the  screen  and 
speakers  to  prevent  back-slap  through  the 
screen  opening. 


HHHHHHHJI 
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The  acoustical  treatment  of  auditorium  side  walls,  flat  rear  wall,  and 
the  area  beneath  the  balcony    (Riviera  Theatre,  St.  Paul,  Minnesota) 


While  each  motion  picture  house  pre- 
sents its  own  problem,  the  experience  of 
sound  conditioning  engineers  indicates  a 
general  formula  for  acoustical  treatment 
ill  an  average  house.  This  basic  plan  pro- 
vides for  an  equal  amount  of  acoustical 
material  on  each  side  wall,  distributed  from 
ceiling  to  wainscot  line,  and  from  the  rear 
wall  to  within  20  or  3  0  feet  of  the 
proscenium  arch.  The  rear  wall  should  be 
broken    into    non-continuous    surfaces    if 


Side  Walls 

Experience  has  shown  that  in  the  1,000- 
seat  auditorium  of  average  design,  ap- 
proximately 600  square  feet  of  acoustical 
material,  with  .50  to  .60  noise  reduction 
coefficient,  are  required  for  each  sidewall, 
(the  number  of  absorption  units  are  calcu- 
lated in  relation  to  the  absorption  of  the 
seats   and   carpeting). 

In  allocating  the  recommended  amount 
of    treatment,    the    decorator    is   permitted 
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to  arrange  it  in  almost  any  design  he 
chooses  within  the  prescribed  area.  To 
work  out  the  design  he  may  be  allowed  a 
leeway  of  5  0  square  feet  over  or  under  the 


floor. 
Rear  Wall 

If  the  rear  wall  of  the  average  auditor- 


Curved  surfaces  on   side  walls   and   a   high  ceiling  requiring  acoustical 

treatment 


600  square  feet  and  the  only  limitation  is 
that  he  should  not  leave  large  panels  of 
hard  wall  surface  directly  opposite  each 
other  across  the  room.  Such  surfaces  will 
likely  cause  cross-reflection,  or  "flutter". 
It  is  desirable  to  bring  the  treated  area 
down  to  a  line  about    5  lA   feet  from   the 


ium  is  broken  up,  it  usually  requires  about 
300  square  feet  of  material,  with  a  co- 
efficient of  .80  to  .98.  If  it  has  to  remain 
flat  and  unbroken,  it  is  completely  covered 
from  the  ceiling  down  to  a  line  about  four 
inches  above  the  head  height  of  those 
seated  in  the  back  row. 
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Acoustical  installation  along  the  rear  wall  of  the  Ambassador  Theatre, 
Baltimore,  Maryland 


Where  curved  back  walls  are  en- 
countered, it  is  recommended  that  the 
curve  be  adjusted  so  that  the  center  of 
the  radius  of  the  arc  will  fall  well  back 
of  the  speakers  and  the  screen.  A  smaller 
curve  is  sure  to  focus  annoying  echoes 
somewhere  in  the  audience  area. 

Area  Beneath  the  Balcony 

Areas  underneath  balconies  are  con- 
sidered as  separate  rooms.  In  most  in- 
stances only  the  back  wall  is  treated,  no 
treatment  being  given  the  underside  of 
the  balcony,  which  really  constitutes  the 
ceiling  of  this  "room". 

Ceilings 

In  theatres  without  balconies,  or  with 
small,  flat  balconies,  ceilings  are  low 
enough  that  they  furnish  useful  reflection 
of  sound  from  the  screen  and  thereby 
help  to  maintain  more  uniform  loudness 
from  front  to  back  of  the  seating  area. 
Low  ceilings  should  therefore  be  left  un- 
treated.       Where     a     non-acoustical     fibre 


board  has  been   used   for  ceiling   finish,   it 
may  be  painted  to  increase  its  reflectivity. 

Ceiling  heights  of  more  than  about  2  5 
feet  in  the  front  of  the  room  tend  to  pro- 
duce delayed  reflections  and  reverbera- 
tion, particularly  of  the  bass  tones  from 
the  comparatively  non-directional  low 
frequency  speakers.  High  ceilings  should 
consequently  be  acoustically  treated,  at 
least  in  the  front  portions. 

Front  Wall 

A  blanket  of  a  material  similar  to  Ozite 
carpet  lining,  the  size  of  the  screen  open- 
ing and  hung  loosely  against  the  wall,  is 
effective  in  eliminating  back-slap  from  a 
wall  behind  the  horns.  This  treatment  ab- 
sorbs the  "standing  wave"  that  is  some- 
times set  up  between  the  horns  and  the 
wall,  and  also  kills  reflections  from  the 
rear  wall  to  the  front.  Rock  wool,  sup- 
ported by  wire  netting,  has  been  used,  but 
when  this  is  employed,  a  dark  covering 
should  be  placed  in  front  of  it  to  prevent 
light  reflection  from  getting  back  into  this 
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space  through  the  screen. 

Installation  of  Acoustical  Material 

To  obtain  as  nearly  as  possible  a  straight 
line  absorption  across  all  frequencies,  the 
acoustical  material  is  applied  on  furring 
strips.  The  diaphragmatic  action  of  such 
mounting  on  furring  strips  goes  far  in 
absorbing  those  low  tones  between  60  and 
300  cycles  that  are  largely  responsible  for 
a  "boomy"  house.  It  was  their  original  ef- 
forts to  eliminate  this  booming  which  con- 
vinced engineers  that  the  most  satisfactory 
reverberation  time  for  the  majority  of 
houses  is  one  slightly  on  the  dead  side  as 
compared  with  optimum  times  for  general 
use  auditoriums.  This  does  not  mean  that 
any  tendency  toward  "deadness"  is  sought, 
but  rather  that  a  little  less  reverberation 
is  allowed  than  for  an  auditorium  in  which 
the  sound  of  the  performance  is  not 
electrically  amplified. 

Projection  Room 

There  are  two  important  reasons  for 
acoustical  treatment  of  the  projection 
room.  First,  theri  is  the  machine  noise 
that  escapes  into  the  audience  area  through 
the  ports.  This  is  particularly  objection- 
able where  the  projection  room  opens  im- 
mediately into  the  balcony.  Even  more 
important  than  reduction  of  the  noise 
escaping  into  the  auditorium  are  improved 
hearing  conditions  within  the  projection 
room,  where  the  monitor  horn  is  located. 
No  projectionist  can  be  expected  to  handle 
properly  the  sound  in  the  auditorium  when 


the  reproduction  from  his  monitor  horn  is 
masked   by  machine   noise. 

Substantial  reduction  of  this  noise  can 
be  effected  by  treating  the  ceiling  of  the 
projection  room  with  an  incombustible 
acoustical  material. 

Other  Theatre  Areas 

Sound  conditioning  to  suppress  noise  in 
foyers,  lounges,  and  around  refreshment 
booths  is  a  problem  that  also  needs  atten- 
tion in  many  theatres;  however,  since  this 
is  apart  from  acoustical  correction  in  the 
auditorium,   it   will   not   be   discussed   here. 


fSo   you're   building   nothing   but   open 

air  theatres?" 

"Sure,    no    overhead." 
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PROJECTION  BOOTH  SUPPLIES 

ISeumade  Products 

Items  for  the  Projection  Booth 

By  F.  G.  SLOAN 


For  a  quarter  of  a  century  Neumade  Many  of  the  rewinders,  reels,  projection 
has  been  making  a  line  of  equipment  for  booth  tables,  film  storage  cabinets,  film 
producers,      distributors      and     exhibitors.       cans,  ticket  boxes  and  spotlights  used  in  3  5 


The  wire  welded  reel. 
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mm.  and  16  mm.  motion  picture  applica- 
tions are  carrying  the  trade  name  Neumade. 
Notable  among  the  items  produced 
by  Neumade  are  wire  welded  and  all- 
steel  reels,  a  line  of  nine  different  types 
of    rewinders,    modern    ticket    boxes,    and 


The  Neumade  Everwear  Rewinders,  are 
heavily  constructed  with  full  reinforced 
channels  and  three-point  base  which  pre- 
vents rocking. 

The  wire  welded  reel  has  gained  wide 
popularity  because  of  its  rigidity,  balance, 


Neumade    Everwear   Rewinders 


steel  projection  room  film  storage  cabinets. 

Rewinders  and  Reels 

For  over  a  quarter  of  a  century  Neu- 
made Products  Corporation  has  built  one 
of  the  most  complete  lines  of  rewinders. 

One  of  the  features  is  the  patented 
reel-locking  jack  which  prevents  the  reel 
from  flying  off  the  shaft. 


non-corroding,  non-rusting  finish  and  the 
total  absence  of  sharp  edges  or  joints. 

Film  Cabinets 

The  Neumade  "Firetite"  film  storage 
cabinet  has  been  fully  approved  for  use 
everywhere  in  the  country.  Built  like  a 
vault,  with  1  l/z -inch  double  wall  construc- 
tion of  heavy  gauge  steel  throughout,  and 
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filled  with  the  patented  approved  plastic 
heat  and  fire  resisting  compound  and  hard 
brick,  it  has  been  built  to  withstand  the 
most  severe  fire.  The  doors,  similarly  con- 
structed,  are  fitted   to  automatically  shut 


and  its  double-walled  construction  is  filled 
throughout  with  1  ^2  inches  of  poured  ap- 
proved    plastic     fire-proofing     compound, 
which,  when  dry,  becomes  brick-hard. 
The   automatic   closing   and   three-point 


^■■■:iiiB! 


Firetite"   film   storage   cabinet,   showing   fireproof   construction. 


tight  and  stay  closed.  These  cabinets  are 
available  in  units  of  5,  6,  8,  10  and  12 
two-thousand  foot  reels. 

The  "Fume-tite"  film  cabinet  is  ap- 
proved by  the  Board  of  Standards  and  Ap- 
peals for  use  in  New  York  City.  It  holds 
twelve  2000-foot  reels  in  two  tiers  of  six 
each,  and  has  a  quick  fusing  sprinkler  head 
enclosed  in  heavy  gauge  wire  mesh.  It  is 
equipped    with    an    8-inch   x    10-inch    vent 


self-locking    door    can    swing   from   either 
side. 

Other  Equipment 

One  of  Neumade's  typical  booth  rewind 
tables  with  film  cabinet  in  place  on  the 
rack  is  illustrated.  These  tables  are  rigidly 
built,  entirely  of  steel,  in  a  variety  of  styles 
and  sizes.  Racks  and  drawers  for  carbons, 
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Neumade  booth  rewind  table  with  film  cabinet  in  place. 


tools,  titles  and  seals  are  available.  The 
three-inch  block  front  top  extension  pro- 
vides for  clamp-on  or  bolt-on  type  re- 
winders. 


Another  item  in  the  Neumade  line  is 
the  scrap  film  can,  with  inner  galvanized 
pails,  and  a  step-on  lever  which  lifts  the 
cover.    They  are  available  in  several  sizes. 
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The  "Fume-tite"  film  cabinet,  equipped 
with    sprinkler    head. 
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Screen  Surfaces 


Some  ¥acts  on  brightness  and  Distortion 


By  CHESTER  COOLEY 

President,  Da-Lite  Screen  Co.,  Inc. 


A  clean  bright  picture,  such  as  every 
theatre  owner  desires  to  bring  before  his 
patrons,  requires  a  combination  of  projec- 
tors, arc  lamps,  rectifiers  or  generators,  all 
i.i  good  condition — and  a  new  screen. 

Everyone  conversant  with  motion  pic- 
tures knows  that  the  screen  plays  an  appre- 
ciable part  in  improving  picture  definition, 
and  I  intend  to  go  into  the  details  of  this 
subject  more  thoroughly  a  bit  later.  You 
will  find  that  a  new  screen  also  makes  for 
better  sound.  A  sound  screen,  as  we  know, 
has  holes  in  it  so  that  the  sound  from  the 
loud-speaker  system  located  back  of  the 
screen  may  come  through  to  the  audience. 
These  holes  have  a  tendency  to  become 
clogged  with  dirt  and  grit,  or  plugged  up 
with  paint,  all  of  which  detracts  from 
sound  quality. 

So  that  while  buying  a  new  screen  is 
more  important  than  ever  today,  buying 
the  right  kind  of  a  screen  is  equally  im- 
portant. Don't  just  buy  a  screen — or  don't 
pick  your  screen  on  price  alone.  Real  econ- 
omy lies  in  purchasing  equipment  that 
gives  satisfaction  and  possesses  wearing 
qualities.  Look  for  fabrics  that  will  stay 
white  and  pliable,  or  in  a  beaded  screen, 
one  in  which  the  beads  will  not  shatter  off. 
And  buy  the  one  that  best  complements  the 
projection  angles  and  the  equipment  you 
have  in  your  booth — whether  it  be  a  white, 
a  silver  or  a  beaded  screen. 


I  have  no  intention  of  endeavoring  to 
cover  the  whole  subject  of  screen  qualities 
in  this  one  article.  The  primary  function 
of  a  screen  is  to  reflect  and  distribute  the 
projected  light  so  that  it  is  neither  lost  nor 
diminished  in  value.  This  brings  us  to  the 
subject  of  screen  surfaces,  which  deter- 
mine the  lighting  and  brightness  of  the 
screen. 

If  all  motion  picture  theatres  were  ex- 
actly the  same,  and  if  all  projection  equip- 
ment was  equally  efficient  and  possessed 
the  same  light  capacity,  it  would  be  an  easy 
matter  to  standardize  on  one  type  of  screen 
surface.  As  a  matter  of  fact,  these  condi- 
tions vary  greatly.  We  therefore  have  three 
general  types  of  screen  surfaces — white, 
silver  and  glass  beaded.  All  of  these  have 
certain  reflective  characteristics  in  com- 
mon, but  there  are  well  defined  conditions 
under  which  each  will  function  more  ef- 
ficiently than  any  of  the  others.  These 
conditions  are  based  largely  on  whether 
high  or  low  intensity  arc  lamps  are  em- 
ployed, the  length  of  the  throw,  and  the 
projection  angles  and  consequent  degrees 
of  brightness  and  distortion. 

Screen  Image  Distortion 

The  House  Plan  illustrated  herein  affords 
a  fairly  accurate  representation  of  the  seat- 
ing arrangement  of  most  theatres.  Two 
viewing  areas  are  outlined  on  this  drawing 
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PROJECTION 

A  Typical  House  Plan 

— one  located  between  the  angles  of  2  5  and 
45  degrees,  the  other  area  in  dead  cen- 
ter between  the  angles  of  2  5  degrees.  The 
seating  area  between  the  angles  of  2  5  and 
45  degrees  is  only  about  half  that  of  the 
dead  center  area.  No  seats  should  be  pro- 
vided at  angles  greater  than  4  5  degrees,  as 
beyond  this  point  distortion  becomes  ex- 
cessive. 

Let  us  glance  now  at  the  Distortion 
Chart.  Screen  image  distortion,  resulting  in 
the  elongation,  foreshortening  and  taper- 
ing of  the  figures,  involves  three  elements 
— the  photography,  projection  and  viewing 
angles.  As  the  first  two  are  largely  gov- 
erned by  fixed  conditions,  we  shall  concern 
ourselves  here  with  the  viewing  angle. 

The  entire  width  of  a  screen  is  not  vis- 
ible when  viewed  from  severe  angles,  as 
demonstrated  on  this  chart.  The  points 
shown  by  figures  1,  2,  3,  4  and  7  are  guide 
marks  to  indicate  varying  conditions  when 
a   12   foot  screen   is  viewed  from  different 


angles  and  distances. 

A  person  seated  ten  feet  from  the  screen 
at  the  point  indicated  by  figure  5  would 
view  the  projected  picture  from  a  45  degree 
angle.  The  subjects  shown  on  the  screen 
would  appear  in  the  proportion  of  one-half 
the  width,  or  the  distance  between  points 
2  and  3,  so  that  an  image  actually  measur- 
ing 2  feet  wide  by  5  feet  high  would  appear 
to  be  only  1  foot  wide  by  5  feet  high. 

The  distance  between  figures  2  and  4 
represents  the  screen  width  as  seen  from  a 
distance  of  30  feet  and  an  angle  of  45  de- 
grees (at  the  position  indicated  by  figure 
6),  from  which  point  a  12  foot  screen 
appears  to  be  7l/2  feet  wide. 

Figure  8  represents  a  position  directly  in 
front   of    and   on    a    centsr    line    with    the 
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Distortion    Chart 

screen.  From  this  point  the  images  appear 
in  perfect  proportion  regardless  of  distance, 
and  are  therefore  free  from  distortion. 

It  will  thus  be  seen  that  distortion  is  a 
phenomenon  of  perspective,  and  that  there 
is  nothing  the  screen  can  do  to  control  it. 
Distortion  can  be  minimized  only  by  an 
intelligent  seating  of  the  audience  within 
permissible  angles.  I  have  mentioned  the 
subject  in  some  detail  only  because  the 
viewing  angle  has  an  important  bearing  on 
the  relative  brightness  of  the  various  screen 
types,  and  must  be  given  careful  consider- 
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ation  in  choosing  the  right  screen  surface. 

Relative  Brightness  of  Surfaces 

The  comparative  brightness  and  diffusive 
characteristics  of  the  white,  silver  and 
beaded  screens  may  easily  be  determined 
by  reference  to  the  chart  showing  Bright- 
ness Characteristics. 


perfect  diffuser  is  indicated  on   the  left  of 
the  chart. 

It  will  be  noted  that  when  viewed  from 
dead  center,  the  beaded  screen  is  more  than 
five  times  and  the  silver  screen  more  than 
twice  as  bright  as  either  the  white  screen 
or  the  perfect  diffuser.  The  theatre  owner 
may  check   the  relative   brightness  of  the 
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The  bottom  row  of  figures  on  this  chart 
represents  viewing  angles  from  1  to  80 
degrees,  although,  as  previously  mentioned, 
the  distortion  becomes  excessive  beyond  45 
degrees  and  the  question  of  screen  bright- 
ness accordingly  loses  much  of  its  impor- 
tance. The  white  screen,  however,  is  slightly 
brighter  than  other  types  when  viewed 
from  excessive  angles. 

The  straight  horizontal  line  marked 
"Perfect  Diffuser"  designates  a  screen  sur- 
face capable  of  reflecting  and  distributing 
projected  light  uniformly  to  all  angles  from 
the  projection  axis.  The  percent  brightness 
of  the  various  types  of  screens  when  viewed 
from  different  angles   as  compared  to  the 


three  types  of  screens  for  his  own  particular 
house  by  taking  readings  on  this  chart  at 
various  points  from  dead  center  up  to  the 
actual  maximum  viewing  angle  involved. 
We  will  perhaps  obtain  a  better  idea  of 
this  whole  subject  of  screen  surfaces  if  we 
consider  each  type  of  screen  separately,  both 
from  the  standpoints  of  brightness  charac- 
teristics and  type  of  lighting  employed. 

The  White  Screen 

The  mat  white  screen  has  for  many  years 
been  the  type  most  commonly  used  in  the 
theatre  field.  It  is  especially  suitable,  for 
reasons  to  be  explained,  in  larger  theatres 
where    carbon   lamps    ranging   in    capacity 
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from  low  intensity  to  high  intensity  pro- 
duce a  brilliant  picture  even  on  a  white 
surface. 

The  white  screen  is  unexcelled  for  dif- 
fusion of  light.  If  we  look  at  the  Brightness 
Chart,  we  find  that  the  brightness  of  the 
reflected  light  is  maintained  at  almost  un- 
impaired uniformity  from  the  axis  of  pro- 
jection up  to  an  angle  of  70  degrees.  When 
viewed  from  all  angles  between  2  5  and  45 
degrees,  white  screens  average  about  18 
percent  brighter  than  silver  screens,  and 
about  20  percent  brighter  than  beaded 
screens.  This  makes  them  of  particular  val- 
ue in  large  or  very  wide  theatres,  where  a 
considerable  portion  of  the  audience  must 
be  seated  at  wide  angles  of  observation. 

Let  us  take  as  an  example  an  extra  wide 
theatre  with  three  thousand  or  more  seacs. 
The  distance  from  the  projector  to  the 
screen  is  144  feet,  while  many  of  the  seats 
are  located  at  angles  of  30  degrees  or  more 
from  the  center.  The  picture  size  is  18 
feet  by  24  feet,  or  an  area  of  432  square 
feet.  A  white  diffusive  screen  would  be 
recommended  for  this  type  of  theatre  due 
to  the  extreme  observation  angles,  as  the 
picture  brightness  from  the  2  5  degree  angle 
over  to  60  degrees  would  thereby  be  im- 
proved. 

While  the  white  screen  is  a  splendid  dif- 
fuser,  it  absorbs  some  light  and  is  therefore 
considered  a  poor  reflector,  even  on  the 
line  of  projection.  Again  referring  to  the 
Brightness  Chart,  it  will  be  noted  that  the 
percentage  of  brightness  reaches  100  at  no 
point.  This  low  intensity  of  reflection  of 
the  white  screen  may  be  safely  discounted, 
however,  when  the  projection  equipment 
is  capable  of  delivering  a  sufficient  amount 
of  light  to  counterbalance  the  decreased  re- 
flective properties.  As  all  large  theatres 
with  wide  angles  of  observation  have  an 
abundance  of  projection  light  from  high 
intensity  or  low  intensity  carbon  lamps, 
the  two  most  favorable  factors  for  the  use 
of  the  white  screen  would  be  present. 

The  Silver  Screen 

When  we  speak  of  a  silver  screen,  we  are 


really  talking  about  a  wide  variety  of 
screens  that  differ  greatly  with  each  indi- 
vidual make.  They  range  in  values  from  a 
dull  surface  scarcely  brighter  than  a  white 
screen  to  a  mirror-like  polished  surface  en- 
tirely unsuitable  for  projection  purposes  in 
all  but  a  limited  field.  It  therefore  becomes 
impossible  to  talk  about  silver  screens  as  a 
class,  as  the  actual  reflective  values  of  each 
type  must  be  considered  separately. 

Our  own  Da-Lite  silver  screen  may  be 
described  as  semi-diffusive,  and  is  designed 
for  theatres  having  viewing  angles  not 
exceeding  40  degrees,  either  with  or  with- 
out balconies.  When  viewed  from  the  cen- 
ter of  the  screen,  the  picture  on  the  silver 
surface  will  be  more  than  twice  as  brilliant 
as  it  would  be  on  a  white  screen  if  shown 
with  the  same  illumination. 

The  silver  screen  has  one  disadvantage 
which  does  not  exist  with  either  the  white 
or  the  beaded  screen.  It  must  be  stretched 
smoothly,  or  the  slightest  wave  or  irregu- 
larity in  the  surface  will  show  in  the  pro- 
jected picture.  The  same  thing  applies  to 
seams,  which  show  up  as  dark  lines 
wherever  they  appear.  The  only  way  to 
avoid  lines  in  a  silver  screen  is  to  buy  a 
screen  with  seamless  construction  and  thus 
avoid  the  seams  that  cause  them. 

The  Beaded  Screen 

The  Da-Lite  beaded  screen  consists  of  an 
especially  developed  pure  white  fabric,  up- 
on which  has  been  superimposed  a  single 
layer  of  minute  glass  beads,  each  about 
eleven  one  thousandths  of  an  inch  in  di- 
ameter. The  beaded  surface  will  remain 
pliable,  and  the  beads  are  guaranteed  not 
to  shatter  off. 

Beaded  screens  are  especially  suited  to 
smaller  theatres,  in  which  the  observation 
angle  rarely  exceeds  2  5  or  30  degrees.  In 
such  a  theatre  the  operating  cost  of  high  in- 
tensity arc  lamps  may  be  prohibitive,  while 
if  low  intensity  or  Mazda  lights  were  used 
with  a  white  screen,  the  picture  brightness 
would  be  less  than  the  standard  10  to 
1 5    foot    candle    light    requirements.      The 
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Interior  of  Capitol  Theatre,  Chicago — a  wide  theatre,  indicating  the  use  of 

white  screen. 


logical  alternative  would  be  the  employ- 
ment of  the  more  highly  reflective  beaded 
screen,  thereby  obtaining  sufficient  bright- 
ness and  diffusion  without  additional  oper- 
ating cost.  The  very  few  persons  who  may 
be  seated  outside  a  25  degree  angle  would 
have  a  picture  almost  as  brilliant  as  that 
produced  on  the  white  screen,  while  for 
the  majority  of  the  audience  it  would  be 
several   times   brighter. 

The  beaded  screen  is  neutral  in  char- 
acter, and  suitable  for  both  color  or  black 
and  white  pictures.  It  is,  in  fact,  ideal  for 
color  pictures  because  of   its   greater  bril- 


liance, as  colored  films  have  increased  den- 
sity and  consequent  reduced  illumination. 
I  have  thus  endeavored  to  outline  both 
the  advantages  and  disadvantages  of  all 
types  of  screens  in  use  today.  Much  of 
what  I  have  said  is  no  doubt  already  fa- 
miliar to  the  experienced  theatre  man.  If 
he  finds  some  piece  of  information,  how- 
ever, that  will  enable  him  to  make  a  wiser 
selection  of  his  new  screen — if  he  only 
learns  the  all  important  rule  of  selecting  a 
screen  to  conform  to  his  theatre  and  his 
projection  equipment — then  I  shall  be  very 
pleased   indeed. 
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Sound  and  the  Screen 


Proper  Perforations  Kid  Transmission 


By  CHESTER  COOLEY 


When  wc  think  of  sound  in  relation  to 
the  screen  we  think  of  "holes" — or  the 
perforations  which  make  transmission  pos- 
sible. 

There  is  nothing  so  very  startling  about 
these  holes — just  a  piece  of  air  with  some 
sound  screen  wrapped  around  them,  as  a 
matter  of  fact.  Yet,  believe  it  or  not,  when 
sound  pictures  were  introduced,  the  ques- 
tion of  getting  sound  through  the  screen 
presented  a  major  problem. 

In  the  old  days  of  the  silent  pictures, 
we  had  no  worries  about  holes  and  sound 
transmission.  The  first  screens  used  in  the 
theatre  were  nothing  but  plastered  walls  or 
whitewashed  sheets,  which  absorbed  so 
much  of  the  feeble  light  available  from  our 
early  projectors  that  the  theatre  had  to  be 
kept  pitch  dark.  As  time  went  on,  screens 
improved  in  corresponding  relation  with 
other  theatre  equipment,  and  everything 
was  lovely — until  along  came  sound. 

It  soon  became  apparent  that  sound 
wasn't  going  to  be  of  much  good  to  anyone 
unless  some  method  were  found  of  getting 
the  sound  from  behind  the  screen  so  that 
the  audience  might  hear  it.  The  first  de- 
vice that  was  hit  upon  will  make  you 
wonder  why  Thomas  Edison  didn't  stop 
right  then  and  there  and  turn  over  his 
job  to  Rube  Goldberg. 

I  do  not  know  the  name  of  the  un- 
honored  and  unsung  genius  who  invented 
the  "B.V.D."  screen.  I  call  it  that  (al- 
though perhaps  the  inventor  did  not)  be- 
cause it  was  made  of  that  sort  of  cheese- 


cloth material  from  which  we  fashioned 
our  B.V.D. 's,  when  such  raiment  was  in 
fashion.  Well,  the  sound  came  through  that 
screen  but  the  projected  picture  brought 
back  fond  recollections  of  those  tin  pro- 
jectors we  used  to  buy  for  little  Johnnie  in 
the  bargain  basement  for  $2.98.  Unless  you 
could  follow  the  thread  of  the  story  from 
the  dialogue  you  were  just  out  of  luck,  be- 
cause the  picture  was  about  as  clear  as 
Einstein's  theory  of  relativity. 

The  Perforated  Screen 

And  so  the  lowly  hole  assumed  a  place 
of  honor  in  the  theatre.  By  simply  perfor- 
ating screens  with  round  holes  properly 
spaced  we  were  able  to  bring  the  sound 
through  the  screen  without  seriously  dis- 
turbing light  reflection  and  distribution. 

I  suppose  most  of  you  have  heard  the 
story  about  the  theatre  owner  (I  believe  he 
lived  in  Oklahoma,  although  maybe  that 
is  because  Edna  Ferber  says  that  almost 
everything  has  happened  in  Oklahoma), 
who  solved  the  problem  of  converting  his 
silent  screen  into  a  sound  screen  by  blast- 
ing holes  in  it  with  a  shotgun.  But  don't 
you  believe  it,  because  the  proper  perfor- 
ating of  a  screen  is  based  on  scientific  prin- 
ciples. If  it  weren't,  we  could  just  sit  back, 
and  let  the  moths  do  the  work. 

The  perforation  of  a  sound  screen  con- 
sists in  providing  evenly  spaced  minute 
holes  of  the  proper  size  and  number  to 
allow  for  the  free  flow  of  sound  from  the 
speakers  located  in  the  rear  of  the  screen, 
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without  reducing  its  reflective  capacity  be- 
low standard  requirements  (this  definition 
is  not  by  Webster,  but  by  Cooley).  The 
best  results  can  of  course  be  expected  only 
when  the  projected  light  is  adequate  for 
the  size  and  type  of  screen  being  used.  The 
holes,  in  addition  to  being  properly  spaced, 
must  be  of  the  correct  size,  in  order  to  pro- 
vide a  proper  balance  between  transmission 
cf  sound   and  reflective   capacity. 


compromise  between  sound  requirements 
and  the  screen's  reflective  properties.  When 
made  correctly,  the  screen  should  give 
good  picture  presentation  without  unduly 
muffling    the   sound. 

Sound  transmission  in  a  new  perforated 
screen  is  affected  by  two  factors — the 
thickness  of  the  finished  screen  and  the 
size  and  number  of  the  perforations.  Both 
of  these  factors  in  a  screen  are  controlled 


Section  of  sound  screen,  showing  proper  relation  between  perforations  and 

screen  area. 


Importance  of  Screen 

Now,  there  is  another  phase  of  this 
problem  that  we  should  consider,  and  that 
is  sound  transmission.  Very  often  this  all 
important  factor  is  not  traced  to  the  screen 
when  the  sound  goes  sour. 

The  manufacturers  and  laboratories  who 
pioneered  sound  reproduction  established 
sound  standards  long  ago  through  scientific 
methods.  In  accordance  with  these  stan- 
dards, a  properly  made  screen  should  have 
clean-cut,  regularly  spaced  holes  of  the 
proper  size  and  number.  This  percentage 
of  open  area  is  constant,  and  represents  a 


at  the  time  of  manufacture. 

The  screen  may  not  be  as  complicated 
or  as  interesting  as  some  other  pieces  of 
theatre  equipment,  but  after  all,  neither  are 
all  of  our  movies  of  the  blood  and  thunder 
variety.  What  does  matter  is  that  screens 
are  far  more  important  than  many  ex- 
hibitors realize.  Since  sound  and  its  proper 
transmission  is  just  as  important  as  the 
picture  itself,  the  screen  must  play  a  con- 
siderable part  in  keeping  both  sound  and 
picture  brightness  on  an  equal  par. 

Let  us  now  pass  on  to  the  question  of 
the  possible  effect  on  the  sound  after  the 
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Corner    section    of    sound    screen 

screen  has  been  in  service  for  a  long  period 
of  time,  or  when  it  has  been  recoated. 

In  most  installations,  there  is  a  circula- 
tion of  air  through  a  sound  screen,  and  this 


air  is  bound  to  carry  with  it  some  dust. 
This  dust  will  in  time  impair  the  screen's 
sound  transmission  properties  by  partially 
closing  the  holes.  When  a  screen  is  re- 
coated,  you  add  to  the  thickness  of  the 
screen,  while  at  the  same  time  closing  a 
substantial  percentage  of  the  open  area. 
This  will  muffle  the  sound — especially  so 
at  the  higher  frequencies. 

I  realize  that  the  average  theatre  owner 
wants  to  use  his  equipment  just  as  long  as 
he  possibly  can,  and  I  have  no  quarrel  with 
him  for  it,  for  I  am  just  as  much  a  believer 
in  true  economy  as  the  next  fellow.  Note 
that  I  say  true  economy.  When  your 
screen  sprouts  a  thick  crop  of  fuzz,  it's 
high  time  to  contact  your  theatre  equip- 
ment dealer  and  get  a  new  one. 

New  screens  don't  cost  a  lot  of  money. 
They  represent  one  thing  you  can  do  to 
improve  your  picture  and  your  sound.  If 
you  persist  in  using  an  old  screen  that  is 
gone  beyond  redemption,  you  will  have 
dark  pictures,  poor  muffled  sound — and 
less  patrons  at  the  boxoffice.  That  is  not 
what  I  think  of  as  true  economy. 


How  to  Order  Your  New  Screen 


By  LAUREL  E.  COOLEY 


Every  exhibitor  at  some  time  or  other  is 
confronted  with  the  problem  of  ascertain- 
ing the  proper  picture  area  suitable  for  his 
particular  theatre.  While  most  veteran  ex- 
hibitors are  well  acquainted  with  all  fac- 
tors involved  in  making  the  proper  selec- 
tion of  the  reflective  surface  suitable  for 
their  particular  house  and  equipment,  there 
still  appears  to  be  some  confusion  in  ar- 
riving at  the  correct  picture  area  needed 
and  the  actual  overall  screen  size.  In  some 
instances  the  exhibitors  will  find  it  neces- 
sary to  make  certain  compromises  to  over- 


come various  obstacles,  such  as  the  design 
and  construction  of  the  particular  house 
in  which  the  screen  is  to  be  installed,  the 
distance  from  the  screen  to  the  first  row  of 
seats,  and  the  source  of  light. 

The  picture  area  should  never  be  larger 
than  is  necessary  to  permit  needed  screen 
brightness,  and  to  relieve  eye  strain  when 
viewing  the  picture  from  front  row  seats 
because  of  excessive  screen  magnification. 
Neither  should  the  picture  surface  be 
smaller  than  required.  Other  factors  to 
keep  in  mind  which  have  a  direct  bearing 
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on  your  picture  size  are  the  source  of  light, 
focal  length  of  lens,  distance  of  light 
throw  and  the  seating  arrangement. 

Figuring  the  Picture  Size 

In  houses  where  the  actual  picture  area 
cannot  be  measured  by  projecting  light  on 
the  old  screen,  it  would  be  good  practice  to 
figure  the  width  of  the  screen  as  equal  to  at 
least  one-sixth  of  the  distance  from  the 
screen  to  the  back  row  of  seats.  This  would 
give  you  the  approximate  picture  size  de- 
sirable for  comfortable  viewing.  In  ex- 
ceptional cases  this  rule  cannot  always  be 
followed,  because  of  excessive  magnifica- 
tion for  those  sitting  in  the  front  rows, 
and  where  mazda  lamps  are  used,  this  ra- 
tio may  reduce  the  screen  brilliance  below 
standard  requirements.  In  this  event  it 
would  be  more  advisable  to  reduce  the 
screen  size  slightly  below  the  ratio  of  one- 
sixth  of  the  projection  throw. 

Lens  manufacturers  usually  supply  a 
chart  which  will  indicate  the  picture  size 
at  a  given  distance  of  the  light  throw  with 
various  focal  length  lenses. 

When  the  charts  are  used  for  selecting 
the  proper  screen  size  in  a  new  house  or 
for  a  location  where  it  is  impracticable  to 
figure  the  needed  picture  size  from  the  old 
screen,  it  would  be  advisable  to  add  six 
inches  in  screen  width  to  the  dimensions 
given  on  the  chart.  This  will  give  you  a 
margin  of  safety,  and  the  picture  area  can 
be  masked  to  proper  size. 

Screen  Dimensions 

In  theatres  where  the  stage  or  other 
openings  limit  the  size  of  the  screen  and 
frame,  the  following  instructions  should 
be  carefully  considered.  In  locations  where 
space  permits,  the  frame  should  be  12 
inches  larger  on  the  inside  than  the  overall 
measurements  of  the  screen  itself.  This 
will  allow  six  inches  between  each  edge  of 
the  screen  and  the  frame,  which  is  the 
space  required  to  permit  proper  lacing  of 


the  screen  to  the  inside  of  the  frame.  If  a 
larger  picture  area  is  desired  than  can  be 
obtained  in  this  manner,  we  would  then 
suggest  that  the  screen  be  placed  on  the 
front  of  the  frame.  In  following  this  pro- 
cedure, the  inside  frame  dimensions  can  be 
reduced  to  measure  six  inches  larger  than 
the  overall  screen  size.  When  figuring  the 
picture  area,  it  should  be  remembered  that 
the  overall  measurements  of  the  screen  will 
be  five  inches  larger  each  way  than  the 
actual  picture  area  desired,  because  of  the 
2  x/z  inches  which  are  necessary  to  accom- 
modate the  webbing  and  the  grommets  on 
each  edge  of  screen.  Example:  To  obtain 
a  12'  by  16'  picture  size,  it  would  be 
necessary  to  purchase  a  screen  measuring 
12'5"  by  16'5"  overall. 

Any  problems  which  you  may  encounter 
pertaining  to  stretcher  type  frame  screens 
will  receive  prompt  attention  if  you  will 
contact  your  regular  theatre  supply  dealer. 

In  requesting  information  from  your 
supplier  relative  to  the  proper  type  and 
size  of  screen  suitable  for  your  particular 
house,  always  give  the  following  informa- 
tion, which  will  be  of  considerable  help  in 
solving  your  immediate  needs. 

1.  Type  of  light  source. 

(a)  Hi-Lo 

(b)  Suprex  AC  or  DC 

(c)  High  intensity 

(d)  Low  intensity 

(e)  Mazda 

2.  Lens  size. 

3.  Distance  of  light   throw   from   pro- 
jector to  screen. 

4.  Distance  from  the  screen  to  the  back 
row  of  seats. 

5.  Distance    from    the    screen     to    the 
front  row  of  seats. 

6.  Approximate    width    and    depth    of 
seating  arrangement. 

7.  The  maximum  viewing  angle  to  ac- 
commodate the  majority  of  seats. 

8.  Seating  capacity. 

9.  Type  of  frame  now  in  use. 

10.  Inside  measurements  of  frame. 

11.  Location  of  speakers. 
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PROJECTION 

Maximum  Screen  Illumination 

How  It  May  Be  Obtained 

By  FRED  C.  MATTHEWS 


The  objective  of  manufacturers  of  pro- 
jection room  equipment  for  many  years  has 
been  to  give  the  theatre  patron  a  bright, 
clearly  defined  picture  with  a  minimum  of 
flicker  and  absence  of  travel  ghost. 

All  manufacturers  of  carbons,  arc  lamps, 
lenses,  sound  screens,  and  projectors  have 
constantly  improved  their  products.  While 
individually  each  manufacturer  has  been 
successful  in  improving  his  product  (some 
more  than  others),  the  fact  remains  today 
chat  the  majority  of  theatres  do  not  have 
maximum  screen  illumination. 

Often  the  reason  for  poor  screen  illumi- 
nation lies  in  the  incorrect  combination  of 
individually  excellent  equipment.  Some- 
times it  is  the  result  of  the  use  of  some 
modern  equipment  with  obsolete  equip- 
ment, or  it  might  be  the  result  of  incor- 
rect adjustment  of  one  or  more  of  the 
items  installed. 

The  above  paragraph  points  out  two  im- 
portant factors  that  the  exhibitor  must 
take  into  consideration  if  he  is  to  obtain 
maximum  screen  illumination — one,  the 
necessity  for  selection  of  a  combination  of 
equipment  best  suited  to  the  particular 
needs  of  the  theatre  in  which  it  is  to  be 
installed,  and  the  other  for  consistently 
excellent  maintenance  of  the  equipment  so 


installed.  If  the  correct  selection  of  equip- 
ment is  made,  and  if  the  proper  mainte- 
nance is  given,  the  entire  r^mbination  will 
continue  to  give  maximum  illumination. 

It  is  not  possible  to  give  a  blanket  en- 
dorsement to  any  particular  group  of  as- 
sociated equipment,  for  what  might  be  an 
excellent  group  of  theatre  equipment  for 
one  house  might  be  inadequate  for  another. 
Therefore,  when  an  exhibitor  selects  his 
equipment,  he  should  utilize  the  full 
knowledge  of  the  theatre  equipment  dealer 
and  his  own  projectionist.  The  dealer  keeps 
abreast  of  all  new  developments  in  projec- 
tion room  equipment  so  that  he  may  intelli- 
gently advise  the  exhibitor,  and  the  average 
projectionist  has  an  excellent  knowledge  of 
the  equipment  he  has  run.  Each  day,  too, 
he  is  becoming  more  familiar  with  equip- 
ment as  he  becomes  an  ardent  follower  of 
matters  dealing  with  proper  projection. 

Importance  of  the  Screen 

An  important  part  of  good  screen  il- 
lumination is  the  sound  screen  itself.  It  is 
impossible  for  all  theatre  owners  to  stand- 
ardize upon  one  type  of  screen  as  long  as 
there  is  a  variance  in  the  size  of  theatres 
and  a  variance  in  the  amount  of  illumina- 
tion reaching  their  screens.  For  this  reason, 
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most  screen  manufacturers  offer  screens 
with  three  different  surfaces — white,  silver 
and  beaded. 

The  white  screen  has  for  many  years 
been  the  type  most  commonly  used  in  the 
theatre  field,  being  especially  suitable  for 
large  theatres  where  high  intensity  arc 
lamps  arc  employed.  Beaded  screens  are  es- 
pecially suited  to  smaller  theatres  where  the 
observation  angle  rarely  exceeds  2  5  degrees 
and  where  high  intensity  projection  arc 
lamps  are  not  employed.  Silver  screens  may 
best  be  used  in  the  smaller  theatres  where 
observation  angles  extend  up  to  40  degrees. 
Beaded  and  silver  screens  reflect  more  of 
the  incident  light  than  white  screens,  but 
cannot  be  used  satisfactorily  except  in  nar- 
row houses  because  of  the  extreme  distor- 
tion when  they  are  viewed  from  side  seats. 
Because  of  their  greater  reflectivity,  they 
give  a  somewhat  brighter  picture  and  hence 
have  some  value  where  low  intensity  lamps 
producing  insufficient  illumination  are  still 
in  use.  The  size  of  the  screen  to  be  installed 
depends  upon  the  amount  of  illumination 
offered  by  the  arc  lamps  selected.  Theatres 
using  One  K  W  arc  lamps  or  equivalent, 
should  not  install  a  screen  over  20  to  22 
feet  in  width.  If  installation  of  a  screen  of 
22  feet  or  more  in  width  is  desired,  then  it 
is  necessary  to  also  install  high  intensity 
arc  lamps. 

Function  of  the  Lens 

Too  often,  when  re-equipping  a  projec- 
tion room,  the  exhibitor  buys  a  new  sound 
system,  new  projectors  and  new  arc  lamps, 
and  yet  continues  to  go  along  with  his  old 
projection  lenses.  The  projection  lens  of  ten 
year  ago  falls  far  short  of  equaling  the  qual- 
ity of  those  of  present  day  manufacture; 
consequently,  old  lenses  arc  incapable  of 
performing  their  valuable  function  of  put- 
ting maximum  light  on  the  screen.  Re- 
search has  constantly  made  available  better 
lenses  operating  at  faster  speeds,  and  pres- 
ent day  lenses,  particularly  those  of  the 
anti-reflection  coated  variety,  add  much  to 
good  screen  illumination.  It  is  most  impor- 
tant that  the  lens  holder  of  the  projector 


be  designed  to  properly  support  these  new 
larger  lenses  so  that  perfect  optical  align- 
ment of  all  associated  equipment  may  pre- 
vail. 

Carbons 

National  Carbon  Company  has  perhaps 
conducted  more  research  on  the  subject  of 
light  than  any  other  company  in  the  thea- 
tre equipment  and  supply  field,  and  now 
that  the  materials  used  to  manufacture 
carbons  are  in  better  supply,  today's  pro- 
jector carbons  are  as  fine  as  research,  men 
and  machinery  can  make  them.  It  is  im- 
portant, however,  that  the  carbons  em- 
ployed be  in  correct  relation  to  the  amount 
of  amperage  utilized  by  the  arc  lamps. 

The  Arc  Lamp 

There  are  four  types  of  arc  lamps  in  use 
today: 

1.  The  condenser  type  high  intensity 

2.  The  reflector  type  high  intensity 

3.  The  One  K.W.  high  intensity 

4.  The  low  intensity 

With  the  exception  of  the  low  intensity 
type,  all  of  these  types  are  modern  and 
each  is  suitable  for  the  particular  purpose 
for  which  it  is  designed. 

Low  intensity  arc  lamps  are  still  manu- 
factured, though  they  have  been  out- 
moded by  the  various  types  of  high  inten- 
sity lamps.  They  are  still  made  because  they 
are  the  only  lamps  that  can  be  safely  used 
with  the  many  obsolete  front  shutter  pro- 
jector mechanisms  still  in  use.  We  merely 
mention  low  intensity  lamps  to  stress  again 
the  importance  of  selecting  the  correct 
combination  of  equipment.  Low  intensity 
lamps  are  not  recommended  for  modern 
projection  service  because  they  produce  in- 
sufficient illumination,  and  because  what 
•they  do  produce  is  of  the  wrong  color  bal- 
ance for  good  results  with  color  films. 

It  is  extremely  important  that  the  arc 
lamps  employed  be  positioned  so  that  the 
distance  from  the  surface  of  the  reflector 
to  the  picture  aperture  is  in  full  accord 
with    the    distance    recommended    by    the 
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manufacturer  of  the  arc  lamp.  If  the  spac- 
ing is  incorrect,  the  projected  light  will  be 
poor  and  of  a  distinctly  bluish  cast.  It  fol- 
lows of  course  in  actual  operation  that  the 
projectionist  must  maintain  proper  burn- 
ing of  the  correct  size  of  carbons. 

It  is  important  that  the  current  supply 
for  the  arc  lamps,  a  motor-generator  set,  or 
one  of  the  several  types  of  rectifiers,  be  of 
large  enough  capacity  to  supply  the  amount 
of  power  required.  The  arc  lamps  selected 
must  of  course  be  in  proper  relationship  to 
the  size  of  the  theatre  and  its  screen. 

There  is  a  distinct  problem,  however, 
when  arc  lamps  utilizing  over  70  amperes 
are  used,  and  that  is  the  probability  of  heat 
damage  to  the  film.  To  quote  an  authority 
on  arc  lamps:  "When  new  type  Suprex  car- 
bons are  burned  at  70  amperes  and  project- 
ed through  the  modern  f:2  coated  lenses, 
our  lamp  will  project  15,000  lumens  of 
light  with  60r/r  light  distribution  as  meas- 
ured without  the  shutter.  This  is  the  max- 
imum direct  energy  the  film  will  accept 
without  damage  and  is  ample  light  to  pro- 
ject a  brilliant  picture  even  on  the  tremen- 
dous screen  used  in  a  Drive-In  Theatre." 

The  film  can  be  damaged  when  high  in- 
tensity arc  lamps  are  operated  at  greater 
than  70  amperes  unless  a  glass  filter  is  lo- 
cated between  lamp  house  and  picture 
aperture.  The  use  of  various  filters,  how- 
ever, (as  reported  in  the  Journal  of  the 
Society  of  Motion  Picture  Engineers,  Vol. 
45,  No.  2,  August,  1945),  causes  light 
losses  up  to  2  5  percent.  There  is  thus  little 
point  in  burning  lamps  at  high  amperages 
when  filters  are  employed. 

It  is  true  of  course  that  the  greater  the 
amperage  the  more  the  light  produced. 
Under  certain  conditions,  as  in  excep- 
tionally large  theatres  and  Drive-In  thea- 
tres, lamps  burning  at  high  amperages  may 
be  employed  if  a  blower  is  used  to  force  air 
across  the  picture  aperture  and  thus  dissi- 
pate the  excess  heat. 

The  Projector  Mechanism 

All  of  the  useful  light  which  reaches  the 


screen  from  the  arc  lamps  must  pass 
through  the  projector  mechanism,  but  one 
of  the  functions  of  the  shutter  of  the  pro- 
jector mechanism  is  to  intermittently  cut 
off  the  light  from  the  screen,  so  that  no 
matter  how  much  light  is  produced  by  the 
arc  lamps,  all  of  it  cannot  possibly  reach 
the  screen  all  of  the  time. 

The  projector  shutter  alternately  per- 
mits light  to  fall  on  one  frame  of  the  film 
for  a  fraction  of  a  second  and  then  blocks 
out  the  light  for  a  fraction  of  a  second, 
while  the  next  picture  is  brought  into 
place.  The  shutter  is  absolutely  necessary, 
for  without  it  the  series  of  pictures  on  the 
film  would  contain  numerous  disconcert- 
ing streaks  of  light.  The  alternate  light 
and  dark  periods  permit  each  picture  to 
stand  out  on  the  screen  clearly. 

It  is  therefore  apparent  that  it  is  useless 
to  select  the  lamps,  lenses  and  screen  best 
suited  for  the  needs  of  a  particular  theatre 
unless  one  also  selects  a  projector  that  per- 
mits the  maximum  amount  of  light  emitted 
by  the  arc  lamps  to  reach  the  screen  when 
the  shutter  is  open. 

We  have  shown  that  a  projector  shutter 
is  absolutely  necessary,  but  what  type  of 
shutter  should  be  looked  for? 

Mechanisms  of  old  vintage,  which  em- 
ployed a  single  front  shutter  mounted  in 
front  of  the  lens,  definitely  cannot  be  used 
with  modern  arc  lamps  because  of  the  in- 
ability of  such  a  shutter  to  prevent  the 
heat  from  the  light  source  constantly  pour- 
ing into  the  aperture  and  on  the  film.  This 
heat  is  so  great  that  it  will  cause  buckling 
of  the  film,  and  over  a  period  of  time,  will 
warp  the  metal  parts  of  the  projectors. 

Mechanisms  employing  a  single-disc  type 
shutter,  mounted  between  light  source  and 
the  aperture,  arc  a  marked  improvement 
over  those  employing  such  a  shutter  lo- 
cated in  front  of  the  lens,  as  they  partially 
prevent  the  heat  from  reaching  the  aper- 
ture and  film.  Such  mechanisms,  however, 
do  not  permit  as  much  light  to  reach  the 
screen  as  is  desirable. 

Four    leading    American    manufacturers 
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producing  projectors  today  urgently  recom- 
mend their  double  shutter  types  over  single 
shutter  models.  The  reason  for  this  recom- 
mendation is  very  simple — such  projectors 
permit  light  to  reach  the  screen  for  a  longer 
period  than  will  single  shutter  mechanisms. 


interruption  frequency  and  thus  make  the 
flicker  more  nearly  tolerable. 

Double  Shutter  Mechanisms 

When    double    shutter    mechanisms    arc 
employed,  the  time  to  cut  the  light  off  the 


High   Intensity  Arc   Lamp 


The  single-disc  type  shutter  has  two 
blades  of  equal  size,  one  of  which  (known 
as  the  master  blade)  cuts  off  the  light  from 
the  screen  during  the  period  in  which  the 
intermittent  movement  is  pulling  the  film 
into  place  at  the  aperture.  The  second  blade 
(known  as  the  balancing  blade  or  flicker 
blade)  is  located  at  the  opposite  diameter 
from  the  master  blade,  and  covers  the  aper- 
ture for  a  short  period  of  time  while  the 
film  is   at   rest,   so  as   to  double   the   light 


screen  and  restore  it  is  reduced  by  one-half 
as  compared  with  the  single  shutter,  hence 
the  screen  receives  a  proportionately  in- 
creased illumination. 

It  should  be  apparent  from  the  above 
that  best  screen  illumination  can  be  accom- 
plished by  the  combination  of  the  correct 
arc  lamps,  correct  screen,  coated  lenses  and 
a  double-shutter  projector  mechanism. 

There  still  remain  other  factors  affecting 
proper  screen  illumination  which  the  equip- 
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ment  dealer  takes  into  consideration  in 
recommending  a  particular  double-shutter 
mechanism.  One  of  these  is  the  amount  of 


flicker  produced  on  the  screen.  Were  it  not 
for  flicker  and  travel  ghost,  every  manu- 
facturer   of     double     shutter     mechanisms 
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MAXIMUM  SCREEN  ILLUMINATION 


317 


would  put  very  narrow  blades  on  his  shut- 
ters, as  obviously  the  narrower  the  shutter 
blades,  the  longer  the  period  of  maximum 
light  that  can  get  through  to  the  screen. 
Flicker  is  always  present,  no  matter  how 
much  or  how  little  light  reaches  the  screen, 
for  the  screen  illumination  is  not  contin- 
uous and  cannot  be  so  in  motion  picture 
projection  as  we  now  know  it.  The  mag- 
nitude of  the  undesirable  effects  it  produces 
in  the  form  of  annoying  eye  strain  is  rad- 
ically higher  as  the  overall  brightness  of  the 
picture  increases,  and  this  is  the  fundamen- 
tal limiting  factor  on  increasing  screen 
brightness. 

Some  manufacturers  of  double  shutter 
projectors  have  advertised  that  they  give  20 
per  cent  more  light  on  the  screen.  As  the 
amount  of  light  must  be  in  direct  relation- 
ship to  the  amount  of  permissible  flicker, 
the  variance  in  screen  illumination  between 
all  double  shutter  projectors  is  actually 
very  small. 

It  would,  however,  be  quite  feasible  in  a 
theatre  with  a  large  screen,  or  in  a  drive-in 
theatre,  to  utilize  shutters  with  very  nar- 
row shutter  blades,  as  the  ever  present 
flicker  becomes  indiscernible  when  the  light 
is  spread  out  over  a  larger  screen  area.  The 
use  of  such  blades,  however,  would  be  un- 
desirable on  a  small  screen,  as  flicker  would 
be  clearly  discernible.  Monograph  has  con- 
ducted actual  operating  tests  in  theatres  of 
all  sizes  over  the  country  to  establish  the 
correct  blade  proportions  for  optimum 
overall  results  in  the  different  classes  of  the- 
atres, and  is  in  a  position  to  provide  pro- 
jector mechanisms  which  will  give  the 
maximum  possible  screen  illumination  con- 
sistent with  complete  absence  of  flicker  and 
travel  ghost  effects  in  all  of  the  various 
classes  of  theatres. 

In  all  of  the  foregoing  discussion  of 
flicker,  it  has  been  assumed  that  the  current 
supply  to  the  arc  lamps  is  free  from  fluctua- 
tions. If  such  fluctuations  are  present,  pos- 


sibly due  to  defective  or  deteriorated  recti- 
fier tubes  or  copper  oxide  elements  or  to 
faulty  commutation  in  motor  generators, 
very  serious  flicker  may  be  produced  which 
is  often  erroneously  blamed  on  the  projec- 
tor mechanism. 

Recommended  Equipment 

To  summarize — a  small  to  medium  sized 
theatre  should  have: 

1.  A  screen  less  than  22  feet  wide,  with 
a  surface  suitable  for  the  viewing 
angles  in  the  theatre. 

2.  Arc  lamps  operating  up  to  5  0  am- 
peres with  a  generator  or  rectifier 
capable  of  delivering  such  amperage 
without  overload. 

3.  Anti-reflection  coated  lenses.  (Very 
small  theatres  can  use  modern  fast, 
uncoated  lenses  because  of  their  small 
total  light  requirements.) 

4.  Double  shutter  projectors.  If  the 
screen  is  very  small,  the  shutter 
blades  should  be  of  such  width  as  to 
produce  the  maximum  screen  illumi- 
nation consistent  with  freedom  from 
excessive  flicker. 

A  medium  to  large  sized  theatre  should 
have: 

1.  A  white  screen  larger  than  22  feet. 
(Exact  size  to  be  determined  by  house 
proportions.) 

2.  High  intensity  arc  lamps  operating 
up  to  70  amperes,  and  generator  or 
rectifier  of  correct  size.  Exact  am- 
perage at  which  lamps  are  to  operate 
should  be  determined  by  size  of  house. 

3.  Anti-reflection,  coated  lenses. 

4.  Double  shutter  projectors. 

Large  theatres  and  drive-in  theatres 
should  have  identical  equipment  to  the 
above,  except  that  if  high  intensity  arc 
lamps  burning  in  excess  of  70  amperes  are 
used,  the  projectors  should  be  equipped  with 
the  necessary  blowers  to  prevent  heat  dam- 
age to  the  film. 
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Also  Selected  Short  Subjects 


By  GRAY  BARKER 


Some  time  ago  I  visited  a  movie  in  my 
home  town.  The  feature  was  P.R.C.'s 
production,  "Corregidor,"  and  I  was  look- 
ing forward  to  some  light  shorts  to  balance 
the  war  content  of  the  former. 

But  instead,  the  first  thing  they  gave 
me  was  a  newsreel,  then  a  "March  of 
Time,"  then  war  series  single  reel.  The 
only  thing  to  relieve  the  monotony  of 
the  weak  blacks  and  whites  of  the  news- 
reel  camera  were  some  coming  attraction 
trailers. 

While  each  unit  had  adequate  enter- 
tainment values  in  itself,  the  program 
whole  had  just  too  much  black  and  white, 
and  war. 

Which  leads  me  to  state  that  in  many 
situations  the  short  subject  side  of  the  pro- 
gram is  maligned  in  the  manager's  office, 
and — let  me  dodge — in  the  projection 
booth.    But  first  let's  talk  to  the  "boss." 

To  many  managers,  booking  shorts  is 
just  another  necessary  evil,  something  to 
keep  the  film  salesman  happy  and  some- 
thing on  which  to  splice  a  trailer.  They 
tell  Putrid  Productions,  "Just  send  me  a 
single  reel  of  some  kind,"  and  pick  up  the 
well-worn  copy  of  "Current  Fishing." 

Planning  the  Program 

Let's  survey  the  situation  and  see  if 
we  can  improve  our  cinema  package.  Jug- 
gling Technicolor  shorts  is  perhaps  the  best 
way  to  keep  a  variety  of  imagery  before 
the  customers,  and  the  cartoon  is  the 
most  popular  tool  to  wield  in  this  depart- 
ment. Most  important,  KEEP  COLORED 
UNITS  SEPARATED  by  black  and  white 
units,   or   in    the    case   of    a    heavy   mono- 


chrome program,  the  opposite. 

So  it  remains  the  only  way  to  build  a 
program  is  to  PLAN  IT  carefully  before- 
hand. Add  your  running  time,  allowing 
average  time  for  trailers.  If  your  feature  is 
under  120  minutes,  hold  your  program  to 
around  two  hours  and  a  quarter.  But  al- 
ways give  your  customers  at  least  two 
hours  of — we  hope — entertainment. 

What  kind  of  picture  are  you  playing? 
Is  it  a  Technicolor  musical?  If  so,  you'd 
better  book  a  black  and  white  NON- 
MUSICAL  short,  along  with  your  color 
cartoon  and  news — something  serious  to 
balance  the  levity  of  your  feature.  Is  it  a 
two-hour  black  and  white  tear  jerker? 
Well,  you'd  better  add  a  fast  color  car- 
toon to  your  news  and  cut  a  trailer  or  two 
somewhere. 

Color  suddenly  flashing  on  the  screen 
with  a  rush  of  music  makes  an  audience 
sit  up  and  take  notice,  but  much  more  so 
if  it  has  been  preceded  by  black  and  white. 
Through  two  or  three  color  shorts  the  eye 
becomes  satiated  with  color  and  there  is 
no  new  visual  experience  at  the  start  of 
the  long  feature  that  requires  closer  con- 
centration until  the  story  thread  is  tied 
fast  enough  to  glue  attention. 

The  old  law  of  opposites  attracting  each 
other  is  your  best  bet,  and  we  hope  it  will 
attract  customers,  too. 

Then  there  is  the  standard  Saturday 
bill  that  keeps  you  off  relief.  We  have 
"Horse  Faced  Rustlers,"  "The  Mad  Corpse 
Strikes,"  a  "cliff-hanger,"  news  and  trail- 
ers. Here  we  have  all  black  and  white,  but 
that  doesn't  stop  us  from  scattering  our 
shorts  between  the  features.  Let's  start  on 
the   serial,    giving    them    a    short,    exciting 
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"overture"  to  the  long  program  to  follow. 
Then  between  the  features  give  them  the 
news,  with  a  colored  trailer,  if  possible, 
stuck  on  behind.  Finally  make  a  dramatic 
change-over  to  the  horror  feature. 

How  Projectionist  Can  Help 

But  now  let's  climb  the  NEVER,  of 
course,  rickety  ladder  to  the  booth  and 
tell  the  man  how  to  run  his  show.  Why 
must  we  assault  the  projectionist?  Well, 
for  one  thing,  in  many  cases  he  is  thrown 
a  bunch  of  cans  to  open  and  the  contents 
to  run  in  any  manner  he  sees  fit.  Then 
there  are  his  change-overs! 

Presuming,  Mr.  Projectionist,  you  have 
already  absorbed  the  advice  given  to  the 
man  in  the  office,  and  if  it  is  your  job  to 
arrange  shorts  you'll  do  it  properly,  then 
set  your  foot  on  the  automatic  change-over 
button.  That  nervous  foot  makes  me  jump 
from  my  seat  every  time  I  watch  a  show 
from  an  auditorium. 

"Time  Marches  On,"  crys  the  dramatic 
voice,  and  at  the  first  note  from  the  well- 
paid  studio  orchestra,  zip!  The  lion  starts 
growling  on  the  feature,  with  the  audience 
left  in  the  air  for  what  the  ear  demands; 
completion  of  the  short  musical  theme.  You 
may  think  audiences  don't  notice  details 
like  that,  but  if  they  don't  say  anything 
about  it  to  the  manager  and  may  not  con- 
sciously feel  the  omission,  it  nevertheless 
detracts.  Any  musician  or  your  common 
sense  will  tell  you  when  the  note  "ti"  is 
sounded,  the  ear  demands  to  hear  the  final 
"do." 

It  may  be  too  much  to  ask  the  projec- 
tionist, who  has  just  run  two  westerns  and 
a  serial,  to  wind  off  his  shorts  to  inspect 
the  endings  and  make  a  note  of  same  on  a 
little  piece  of  paper  for  his  reference.  But 
one  might  find  the  film  half  way  asunder 
somewhere  along  the  reel  too,  and  save  a 
nice  fire. 

Before  I  start  dodging  the  pliers,  I  will 
sympathize  with  you  on  your  single  reels 
that  have  been  hacked  by  the  scissor-mad 


short-combiners  and  sadistic  trailer-splicers. 
Sometimes  one  finds  only  a  few  frames  left 
on  the  end  title.  But  that  is  not  true  on 
two-reel  shorts!  Usually  they  are  left  un- 
scathed. And  most  hacked  shorts  have  some 
of  the  final  extended  musical  note  if  you'll 
only  do  some  extra  cue-marking — but 
NOT  WITH  A  PUNCH,  PLEASE! 

Make  Splices  Properly 

But  why  curse  the  other  operators  for 
butchering  your  short  endings  when  you 
liberally  remove  frames  in  combining 
yours?  I  know  a  mid-frame  splice  looks  bad 
on  the  screen,  but  not  too  bad  if  you  do  it 
properly.  If  there  is  a  long  fade-out  on 
your  short,  get  the  frame  line  from  the 
edge-marks  and  cut  at  the  last  frame  before 
the  white  frame  marks  on  the  tail.  Then 
splice  mid-frame  when  you  send  it  back,  in 
order  to  save  every  millimeter  you  can. 

Then  there  are  the  projectionists  without 
a  twelve-inch  rule  and  the  ability  to  count 
eleven  between  cue-marks  and  on  leaders. 
Yes  that  leader  is  a  "joner!"  The  length  is 
usually  so  incorrect  you  make  a  practice  of 
running  it  to  about  "4"  and  starting  your 
machine  when  you  see  the  preceding  end 
title.  Consequently  you  miss  the  fade-in, 
the  starting  music,  and  if  there  is  a  censor 
seal,  you  treat  the  audience  to  that  also. 
But  more  about  the  seals  later. 

Nothing  makes  a  smoother  transition 
than  a  fade-out  on  one  reel,  a  fade-in  on 
the  next,  especially  between  shorts,  if  you 
are  lucky  to  have  those  rare  pieces  of  film 
intact. 

The  only  way  to  accomplish  this  is  care- 
ful measurement  of  leaders  and  footage  be- 
tween cues.  Wind  off  your  leader  on  an 
empty  reel— NOT  ON  THE  FLOOR  OR 
REWIND  BENCH!  Measure  back  from 
the  starting  frame  of  the  fade-in.  If  you 
live  in  a  state  without  local  censorship 
and  are  plagued  with  the  state  seals  from 
the  exchange  area,  remove  the  strip,  be- 
cause it  will  mess  up  your  change,  and 
how!   One  should  throw  them  in  the    (we 
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hope)  fireproof  waste  film  can,  but  your 
manager  will  get  a  letter  if  you  do;  so  to 
keep  him  and  Putrid  Productions  happy, 
mount  it  on  the  tail  with  some  black 
frames  between  it  and  the  end  title.  It  is 
better  to  let  the  screen  go  black  than  to 
show  a  seal  if  it  isn't  required  in  your 
state. 

Measure  to  find  the  correct  spot  for 
"10,"  the  best  starting  number  if  your 
action  is  quick  and  your  machine  picks  up 
speed  quickly;  if  not,  "9"  is  a  good  com- 
promise. Mark  in  "10"  with  the  ugliest 
scratch  possible,  and  perhaps  the  exchange 
will  put  on  a  replacement  leader  with  the 
correct  length.  Place  the  number  over  the 
aperture  and  get  that  fade! 

In  splicing  trailers  especially,  I  suppose 
no  projectionist  is  guilty  of  that  violent 
"pop"  we  hear  when  it  goes  over  the  sound 


roller.  Anyway,  we  will  say  that  if  you 
find  a  blank  place  between  the  two  tracks, 
a  bit  of  black  crayon  applied  will  keep  the 
audience  from  dodging.  Put  enough  on  to 
make  the  clear  area  opaque.  At  the  begin- 
ning of  reels,  a  splice  between  the  leader 
and  picture  can  cause  bad-sounding  starts. 
Get  your  crayon  after  that  also. 

Now  that  the  last  reel  of  the  picture 
is  making  an  uncomfortable  clang  in  the 
top  magazine  due  to  incorrect  exchange  re- 
winding, have  you  inspected  the  end  of 
that  feature  to  see  how  and  if  it  fades  out, 
and  if  you  have  exit  music  or  a  cast  trailer, 
if  you  want  to  keep  your  lamp  open?  Or 
are  you  going  to  douse  both  music  and 
picture  at  the  final  clinch  before  the  music 
stops?  Don't  overdo  it,  though.  We  don't 
want  "End  of  Part  6,  flash,  pop,  flash," 
as  we  rise  to  leave. 


'Would  you  call  this  a  free  version  of  'Henry  V?" 
'No,    madam.    It    will    cost    you    seventy-five    cents." 
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A  Projectionist's  T)ay 

What  Goes  O;/  in  the  Booth  of  a  Large  City 
Theatre 

By  WILLIAM  P.  McMURTRY 


Just  because  a  man  gets  a  job  as  a  pro- 
jectionist is  no  reason  why  he  should  be 
expected  to  know  every  last  detail  of  a  pro- 
jectionist's work.  Good  projectionists  are 
not  just  born  as  good  projectionists — they 
achieve  that  distinction  through  many  long 
years  of  hard  study  and  hard  work.  The 
man  who  admits  he  doesn't  know  is  at  the 
same  time  announcing  his  determination  to 
learn,  and  that  type  of  man  is  pretty  cer- 
tain to  become  a  success  as  a  projectionist 
— or  in  any  other  walk  of  life. 

Today  there  are  a  great  many  men — yes, 
and  some  women — who  have  chosen  mo- 
tion picture  projection  as  their  life's  work 
without  too  much  of  a  background  of  ex- 
perience. It  is  refreshing  to  find  that  most 
of  these  newcomers  are  perfectly  frank  in 
admitting  their  shortcomings,  and  fired 
with  a  determination  to  learn  everything 
that  there  is  to  learn. 

For  that  reason,  it  is  probably  a  good 
idea  to  sketch  out  a  general  idea  of  just 
what  a  good  projectionist  is  supposed  to 
do  in  the  course  of  a  day.  Once  a  new- 
comer masters  the  fundamentals  of  pro- 
jection work,  he  can  pick  up  the  details  as 
he  goes  along.  The  booths  of  the  better 
theatres  of  our  large  cities  contain  many 
projectionists  who  may  be  considered  as 
setting  the  standards  of  perfection,  and 
who  have  a  world  of  information  to  give 
to  the  beginner  in  the  field. 


The  Esquire — Chicago 

In  deciding  to  call  upon  an  experienced 
projectionist  in  a  large  city  theatre,  we 
chose  the  Esquire  in  Chicago.  Located  in 
the  Gold  Coast  section  of  that  city,  it  ca- 
ters to  a  high  class  clientele,  and  has  been 
known  as  one  of  Chicago's  showplaces 
ever  since  its  construction. 


Lou  MalisofF,  projectionist  at  the  Esquire 
Theatre 
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The  same  axiom  that  nothing  was  too 
good  for  the  Esquire  was  carried  out  in  the 
projection  booth  as  well.  The  booth  itself 
is  large  enough  to  afford  ideal  working 
conditions,  and  is  kept  spotlessly  clean. 
Projectors  are  Motiograph  Model  K's,  while 
the  other  major  equipment  items  are  also 
standard  brands  of  well  known  manufac- 
turers. The  booth  is  equipped  with  a  steel 


The   Esquire   Theatre — a   Chicago 
showplace 


table,  both  automatic  and  hand  rewinders, 
a  rack  of  steel  film  cabinets,  film  splicer, 
and  just  about  everything  else  in  the  way 
of  equipment  and  supplies  that  any  pro- 
jectionist could  desire. 

Lou  Malisoff — Projectionist 

The  Esquire  maintains  a  staff  of  two 
regular  projectionists,  who  alternate  daily 
on  the  matinee  and  evening  shifts.  On 
duty  at  the  time  that  we  were  there  was 
Mr.  Louis  Malisoff.  Lou  qualifies  in  every 
way  as  an  experienced  projectionist,  for  he 
has  been  working  in  the  booths  of  Chicago 
theatres  for  twenty-five  years,  and  has  been 
at  the  Esquire  ever  since  it  opened.  He 
works  with  an  ease  and  speed  that  is  a  pleas- 
ure to  watch — never  missing  any  of  the 
numerous  details  of  his  work  and  doing 
everything  just  about  as  it  should  be  done. 

There  are  five  shows  daily  at  the  Esquire, 
with  the  first  one  going  on  at  1  P.M.  and 
the  feature  of  the  last  show  starting  at 
10:30.  The  Esquire  follows  a  one-feature 
policy,  which,  along  with  the  Esquire 
Hour,  completes  the  show.  This  last  is 
something  unique,  and  makes  projection  at 
the  Esquire  different  from  that  in  nearly 
any  other  theatre.  The  Esquire  Hour  con- 
sists of  a  portion  of  a  news  reel,  followed 
by  an  animated  cartoon,  then  by  the  Es- 
quire Hour  feature — which,  at  the  time  of 
our  visit,  was  a  beautiful  two-reeler  in 
Technicolor  on  the  subject  of  America, 
the  Beautiful — then  by  the  remainder  of 
the  news  reel,  a  quotation  filmed  exclusive- 
ly for  the  Esquire,  and  several  minutes  of 
classical  music  from  sound  film. 

A  Typical  Day 

Let's  follow  Lou  Malisoff  around  in  the 
course  of  a  typical  day.  Programs  change 
twice  a  week  at  the  Esquire — usually  on 
Tuesday  and  Friday.  There  is  a  good  deal 
of  extra  work  when  he  has  the  matinee 
shift  on  the  day  of  a  new  show,  especially 
if  schedules  work  out  so  that  the  Esquire 
Hour  precedes  the  feature.  This  requires 
him  to  come  to  work  about  one  hour  ear- 
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lier  than  usual,  inasmuch  as  the  Esquire 
Hour  calls  for  a  vast  amount  of  cutting  of 
short  subjects  and  splicing  them  together. 
The  projectionist,  incidentally,  is  per- 
mitted no  deviation  from  the  schedule,  in- 
asmuch as  the  hours  at  which  the  feature 
starts  are  advertised  in  the  newspapers. 
Under    ordinary    circumstances    Malisoff 


MalisofT  manages  to  accomplish  in  the  half 
hour  before  the  show  starts.  No  better  ad- 
vice could  be  given  to  the  novice  projec- 
tionist than  to  make  the  same  careful  and 
complete  examination  of  his  own  equip- 
ment every  day.  While  it  may  take  him 
more  than  a  half  hour  before  he  acquires 
sufficient  experience,  it  gives  him   a  prac- 


A  view  of  the  ornate  Esquire  lobby 


arrives  in  the  booth  about  half  an  hour  be- 
fore show  time.  The  first  thing  to  be  done 
is  to  check  the  film.  The  films  are  checked 
against  the  program,  and  each  reel  is  then 
inspected  to  make  certain  that  it  is  wound 
right.  The  film  is  cleaned  up  when  previous 
users  have  marked  the  print  with  red  cray- 
on or  punch  marks. 

Every  day  there  is  a  complete  check-up 
of  the  projectors  and  of  the  other  equip- 
ment,   and    it    is    remarkable    how    much 


tical  assurance   that   the   show  will   go  on 
without  a  breakdown. 

Checking  the  Equipment 

Here  are  some  of  the  things  which  we 
watched  Malisoff  do  before  the  first  show 
began. 

Projector  lenses  were  taken  out  and  care- 
fully cleaned  with  the  special  lens  tissue 
which  may  be  obtained  from  the  theatre 
supply  dealer. 
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The  projectors  were  oiled  with  modera- 
tion, and  all  excess  oil  was  wiped  off.  Both 
projectors,  by  the  way,  were  kept  so  clean 
that  they  might  be  taken  into  a  living  room. 

Film  tracks  and  guides  were  given  a 
good  cleaning. 

Both  projectors  were  turned  on  for  test- 
ing and  warmup.  This  is  a  good  idea,  es- 
pecially on  a  cold  day. 

Arc  lamp  reflectors  were  shined  up,  and 
carbon  dust  removed  from  the  lamp  houses. 

Trim  was  checked  to  make  sure  that 
there  was  enough  carbon  to  run  the  first 
reel.  He  informed  us  that  when  new  car- 
bons are  required,  he  always  checks  screen 
illumination  before  the  show  starts. 


The  sound  system  was  turned  on  with- 
out film,  and  the  sound  to  the  speaker 
tested  with  a  card. 

There  was  a  check  made  of  the  vacuum 
tubes. 

Sound  heads  were  oiled,  with  all  excess 
oil  carefully  wiped  away. 

The  Day's  Work 

With  the  preliminary  check-up  of  the 
equipment  completed,  there  was  just  time 
to  load  the  projectors  and  get  ready  for 
the  start  of  the  first  show. 

One  thing  we  noted  particularly,  and 
that  is  that  the  fire  rollers  were  cleaned 
on  all   magazines — which  is  performed   as 


___ 


Lou  Malisoff  threading  in  preparation  for  the  opening  show 
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An    alert    projectionist    checks   lighting    at    frequent    intervals    during    the    time    he    is 

on  duty 


a  daily  chore.  If  all  projectionists  took 
pains  to  do  the  same  thing,  there  would  be 
far  fewer  disastrous  film  fires.  Most  fires 
start  at  the  aperture,  and  if  the  fire  is  kept 
from  spreading  to  the  magazines  by  effi- 
cient fire  rollers,  there  is  little  likelihood 
of  it  turning  into  a  disastrous  blaze  which 


might  destroy  the  theatre — and  what  is 
more  important,  take  the  lives  of  the  pro- 
jectionist and  the  patrons. 

Inasmuch  as  this  was  the  first  run  of  the 
feature,  Manager  Paul  Hess  sat  at  a  port- 
hole in  the  projection  booth  during  the 
entire  running,  carefully  checking  lighting 
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and  sound.  Signals  from  the  assistant 
manager  in  the  theatre  regulated  the  vol- 
ume of  the  sound,  which,  because  of  the 
size  of  the  Esquire,  must  be  increased  or 
lowered  as  the  theatre  fills  up  or  empties. 
While  the  feature  was  running,  Malisoff 
was  busy  splicing  together  the  various  sec- 
tions of  film  which  go  to  make  up  the 
Esquire  Hour.  What  with  change-overs, 
loading  and  unloading  the  magazines,  re- 
winding film,  splicing,  and  watching  the 
lighting  and  sound,  we  would  say  that 
there  was  little  time  to  sit  around  and  read 
the  paper — the  traditional  custom  of  which 
one  hears  so  much  and  sees  so  little  among 


projectionists. 

When  working  the  evening  shift,  the 
Esquire  projectionist  gives  a  final  check  to 
the  booth  and  straightens  up  before  leav- 
ing for  the  night.  On  those  nights  on 
which  the  run  of  a  film  concludes,  there 
is  about  one  hour's  extra  work  taking  the 
Esquire  Hour  apart  and  resplicing  the  films 
to  the  original  form  in  which  they  were 
sent  to  the  theatre. 

No  wonder  that  the  Esquire  is  one  of 
Chicago's  favorite  theatres.  It  has  good 
management,  good  projection  and  good 
equipment.  That's  always  a  winning  com- 
bination. 


A  corner  of  the  powder  room  at  the  Esquire 
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Summarizing  Showmanship 

Principles  of  Successful  Theatre  Operation 


By  CHARLES  H.   RYAN 

Assistant  Zone  Manager,   Warner  Bros.  Circuit,  Chicago 


Successful  theatre  managers  adopt  a 
consistent  satisfactory  policy  based  upon 
standards  of  sincerity.  Your  theatre  is 
your  community's  playground  of  life. 

Maximum  service  at  minimum  cost  is 
one  thought  that  should  be  carried  at  all 
times  in  the  back  of  your  head.  Once  you 
have  earned  the  "Good  Will"  of  your  pub- 
lic, you  have  an  asset  that  cannot  be 
bought  at  any  price.  "Good  Will"  is  easy 
to  attain  if  you  will  make  up  your  mind 
that  the  best  is  none  too  good  for  your  pa- 
trons. Make  friends  with  your  customers 
and  go  out  of  your  way  to  do  favors. 

Once  you  have  acquired  the  "Good 
Will"  of  your  neighborhood,  you  will  con- 
tinue to  enjoy  a  well-balanced  patronage  in 
spite  of  the  fact  that  there  may  be  a  more 
palatial  and  more  comfortable  theatre  in 
your  locality.  With  your  patrons  you  can 
cement  a  friendship  in  some  small  way.  No 
matter  how  trivial  a  patron's  request,  ex- 
tend yourself  just  a  bit  more  than  is  re- 
quired. 

Many  an  independent  community  thea- 
tre without  all  the  film  product  and  la- 
belled by  smart  exhibitors  as  a  so-called 
"lemon,"  suddenly  becomes  a  money  mak- 
ing proposition  when  a  manager  or  owner 
steps  in  who  has  the  ability  to  make  friends. 


Value  of  Good  Will 

Appearance  and  courtesy  rank  about 
equally  in  making  a  place  of  business  at- 
tractive. A  manager  of  a  theatre  is  a  mer- 
chant engaged  in  selling  a  certain  commod- 
ity to  the  public,  and  he  depends  upon  the 
"good  will"  and  satisfaction  of  his  patrons 
for  a  continuance  of  their  patronage. 

Pictures  are,  of  course,  the  biggest  part 
of  a  neighborhood  theatre's  claim  for  rec- 
ognition, but  they  are  not  everything  there 
is  to  talk  about.  Let  every  manager  keep 
his  house  so  spick  and  span  and  inviting 
that  he  can  brag  about  it  with  justifiable 
pride  along  the  lines  of  institutional 
"GOOD  WILL"  copy. 

Good-Will  is  the  acquisition  and  the  ex- 
pression of  confidence  and  respect.  It  is  the 
"giving"  of  something — something  be- 
yond the  mere  value  of  what  is  sold.  For 
no  business  can  endure  or  be  successful 
unless  there  be  "giving."  Important,  how- 
ever, is  the  fact  that  one  must  know  how 
to  give,  what  to  give,  when  to  give  and 
whom  to  give  it  to. 

Much  has  been  written  of  and  talked 
about  the  dispensing  of  Good-Will  from 
the  theatre,  and  much  has  been  and  is  being 
done  about  it.    The  rank  and  file  of  each 
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individual  theatre  are  daily  writing  in  the 
book  of  Good-Will. 

It's  all  in  the  day's  work!  We  must  not 
overlook  the  fact  that  the  motion  picture 
theatre  business  is  a  partnership — a  part- 
nership with  the  Public.  All  partnerships, 
if  they  are  to  succeed  and  endure,  must 
enjoy  Good-Will. 

Theatre  Atmosphere 

A  truly  successful  manager  is  the  one 
whose  theatre  is  considered  the  dominant 
theatre  in  his  community.  His  theatre  is 
accorded  first  place  because  of  the  spirit 
that  dominates  the  employees,  because  his 
advertising  invites  confidence,  and  because 
the  service  that  is  offered  to  patrons  stands 


supreme  in  his  community. 

A  theatre  that  carries  with  it  an  atmos- 
phere of  gloom  cannot  be  successful.  Thea- 
tre-goers are  looking  for  diversion  and 
happiness.  Therefore,  it  is  not  surprising 
that  they  will  give  the  "Gloom  Theatre" 
absent  treatment.  What  we  need  most  in 
any  theatre  is  atmosphere  that  will  glad- 
den a  patron  for  an  entire  performance. 

When  you  cannot  find  institutional 
values  to  exploit  you  admit  failure  or  lack 
of  ability. 

But  only  you  and  your  staff  can  bring 
forth  the  selling  angles  of  your  theatre. 
Plug  your  theatre  regularly  so  that  every 
potential  patron  will  be  conscious  of  those 
things  which  help  make  a  good  show  more 
enjoyable  in  an   atmosphere  of  refinement 
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and  comfort. 

A  successful  theatre  habitually  sells  the 
idea  of  the  house,  even  though  the  feature 
program  may  be  a  little  weak.  Theatres 
that  sell  themselves  on  the  institutional 
plan  always  have  present  the  general  sug- 
gestion of  cordiality.  It  is  not  the  preten- 


public  attribute  their  fundamental  success 
to  the  simple  creed,  COURTESY.  Cour- 
tesy is  a  magnet  for  satisfied  patrons. 

Good  Managers  Needed 

The  man   who  is   in  demand   today   is   a 
good  house  manager,  exploiter  and  theatre 
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View  of  the   Avalon   auditorium 


tious  cordiality,  but  the  quiet  welcome  of 
genuine  management  .  .  .  the  smile  with  the 
ticket  sale,  the  doorman  taking  his  share  of 
the  ticket  quietly  instead  of  snatching  it. 

Give  your  house  a  PLEASANT  PER- 
SONALITY, and  if  you  have  a  flop  pic- 
ture, you  still  can  hold  up  business.  Habit 
to  movie  patrons  is  contagious.  If  you  get 
them  started,  they  will  remain  your  patrons 
as  long  as  they  reside  in  your  neighborhood. 

Courtesy  is  not  a  handwringing,  bowing 
attempt  at  goodness.  It  is  a  spirit  that  must 
radiate  out  from  the  heart  and  head  and 
hands  each  moment  of  the  day.  It  is  con- 
fidence, enthusiasm  and  calm  to  encourage, 
inspire  and  attract  others.  Courtesy  gives 
atmosphere  to  your  theatre. 

Successful  merchandisers  who  sell  to  the 


operator  with  the  ability  to  first  perfect  a 
well  organized  and  clean  theatre,  and  then 
turn  his  attention  and  time  to  selling  his 
shows.  Ability,  enthusiasm,  willingness  and 
energy  are  the  most  important  factors  that 
count  in  rating  a  good  house  manager. 

There  is  always  a  reward  for  the  man  in 
show  business  who  does  his  work  painstak- 
ingly with  completeness.  He  is  the  man 
who  will  be  trusted  with  responsibility  up 
to  the  limit  of  his  capacity.  Soft  jobs  conic 
to  those  who  have  done  hard  jobs  well.  So 
called  "easy  money"  is  delayed  compensa- 
tion that  comes  to  the  showman  who  has 
earned  "hard  money." 

Duties  of  Manager 

The  alert  manager  never  leaves  things  go 
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until  the  last  moment.  That  is  why  he  is 
alert.  Any  manager  who  neglects  his  thea- 
tre, or  waits  for  emergencies  to  prove  how 
fast  he  can  attend  to  them,  will  never  have 
executive  ability.  An  executive  knows 
how  to  plan  his  work  in  advance. 

To  ascertain  the  likes  and  dislikes  of  his 
patrons,  a  manager's  place  is  on  the  floor  of 
his  theatre.  Necessary  clerical  work  should 
be  taken  care  of  in  the  office  during  the 
matinee  performance. 

The  patron  is  always  impressed  with  the 
presence  of  the  manager  on  the  floor,  and 
it  is  his  duty  and  obligation  to  create  a 
favorable  impression  on  his  patrons.  The 
theatre  staff  will  also  function  better  if 
the  manager .  is  in  his  place  on  the  floor 
each  evening. 

If  you  call  yourself  a  good  manager,  you 
should  know  what's  wrong  in  the  pro- 
jection booth  when  there  is  trouble.  You 
must  be  able  to  sell  tickets  with  a  smile 
better  than  your  cashier.  You  must  know 
how  to  usher  so  that  you  can  see  that  the 
staff  is  doing  their  task  right.  You  have  to 
know  how  to  create  business-getting  ad- 
vertising which  will  bring  new  patrons  and 
keep  the  regular  ones. 

Managing  a  theatre  is  a  specialized  busi- 
ness. You  sell  only  one  commodity — EN- 
TERTAINMENT. Everything  should  be 
done  for  the  greater  comfort  of  your  pa- 
trons, so  that  when  they  leave  your  theatre 
they  will  leave  with  a  strong  impression  of 
its  good  management. 

You  should  visit  other  theatres  when 
time  permits  and  see  what  is  going  on  in 
different  theatre  surroundings.  You,  in 
your  own  theatre  week-in  and  week-out, 
get  into  a  rut,  and  some  of  the  faults  oth- 
ers see  in  your  theatre  escape  your  notice. 

Your  patrons  visit  other  theatres  and 
compare  your  house  with  them.  Make  it 
a  point  that  the  opinion  your  patrons  carry 
away  on  leaving  your  theatre  is  that  it  is 
operated  as  well  or  better  than  most  ot 
those  they  have  visited  either  downtown  or 
in  other  localities. 

Managers  can  ascertain  the  likes  and  dis- 


likes of  their  patrons  by  occasionally  speak- 
ing with  them  in  the  lobby.  The  subject  of 
the  conversation  can  be:  "What  types  of 
pictures  attract  you  to  our  theatre?"  All 
moving  picture  fans  do  not  agree  on  any 
one  type  of  picture,  but  you  must  try  to 
ascertain  what  the  majority  will  leave  their 
homes  to  see. 

In  many  ways,  your  hands  are  not  tied 
in  operation.  Your  community  has  its  own 
peculiarities  about  its  entertainment  and 
amusement.  There  is  no  one  better  suited 
to  meet  the  demands  of  your  patrons  than 
the  man  on  the  job — the  manager. 

Do  you  know  from  past  experience  what 
type  of  pictures  or  what  stars  rank  at  the 
top  in  your  past  box  office  receipts?  What 
might  hit  in  one  community  might  be  a 
terrific  flop  in  another.  When  the  month- 
ly booking  releases  are  announced,  you,  in 
booking  your  pictures,  should  have  reasons 
why  you  want  to  book  this  or  that  picture 
for  certain  days  of  the  week. 

After  setting  his  releases,  a  wise  manager 
will  sit  down  at  his  desk  with  his  bookings 
before  him  and  pour  over  the  various  facts 
he  knows  regarding  the  pictures  from  the 
opinions  he  has  gathered  from  first-run 
results.  Wherever  he  can  make  a  change 
that  will  improve  his  bookings,  he  should 
do  so.  We  have  found  out  from  experience 
that  a  smart  booking  will  outgross  a  bad 
booking  on  a  three  day  run  as  much  as 
several  hundred  dollars. 

Your  superiors  may  send  out  suggestions 
on  what  to  book,  what  to  advertise  and 
how  to  run  your  theatre,  but  still  you  do 
not  have  to  be  a  "yes"  man.  If  you  can 
give  your  superior  facts  as  to  why  certain 
pictures  or  advertising  are  suitable  in  your 
theatre, he  will  be  guided  by  your  judgment. 
Have  some  individuality  and  stand  by  it 
but  not  to  the  point  where  you  fail  to  car- 
ry out  the  orders  of  your  superior.  You 
need  not  be  afraid  to  tell  your  ideas  to 
your  executives  if  they  ask  for  them. 

Every  successful  showman  encourages  a 
frank  discussion  on  items  subject  to  con- 
troversy, so  that  he  may  be  sure  he  is  right 


SUMMARIZING  SHOWMANSHIP 


333 


in  making  his  decision.  No  man  is  too  big 
to  welcome  suggestions  from  his  men,  es- 
pecially from  those  who  have  really  good 
And  practical  ideas  to  submit. 

Do  not  let  your  will  power  die  out.  Your 
theatre  must  show  life  no  matter  how 
tough  your  problem.  The  value  of  your 
services  is  gauged  by  your  judgment  of 
what  is  profitable  in  your  theatre. 


on  time  is  during  the  slack  period  between 
four  and  six.  Operators  must  never  be 
permitted  to  leave  out  any  film  without 
your  express  approval. 

Managers  can  always  obtain  the  exact 
running  time  of  features  by  phoning  prior- 
run  theatres.  If  it  is  necessary  to  eliminate 
a  feature  trailer,  do  not  do  it  in  the  peak 
performances. 


Lobby    of    the    Jeffery    Theatre,    Chicago 


Arranging  the  Schedule 

If  a  performance  runs  three  minutes 
over  schedule  on  the  first  show  and  your 
policy  is  four  shows,  the  end  of  the  day 
would  find  you  twelve  minutes  over  sched- 
ule. Therefore,  when  a  show  does  run  long- 
er than  anticipated,  the  schedule  should 
be  rearranged  immediately  after  the  first 
show.  If  necessary,  a  new  schedule  should 
be  made  for  the  following  days.  The  prop- 
er time  to  make  adjustments  to  get  back 


Handling  Employees 

Study  closely  the  types  of  people  who  are 
working  for  you  and  their  reactions  to 
your  orders  and  suggestions.  Find  out  just 
how  much  "producing  value"  each  mem- 
ber of  your  staff  possesses  and  help  bring 
out  the  best  work  that  is  in  him. 

For  a  manager  with  the  best  interest  of 
his  theatre  at  heart  to  merely  tell  his  em- 
ployees what  to  do  is  not  enough.  It  is  much 
more  important  for  him  to  create  in  them 
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the  desire  to  do  what  is  best  for  all  con- 
cerned. To  do  this  requires  patience  and 
understanding  of  those  with  whom  you  are 
dealing. 

Find  the  person  best  fitted.  For  each  task 
certain  personal  qualities  are  essential.  In 
each  person  certain  qualities  dominate.  Find 
the  person  best  fitted. 

Win  cooperation.  Cooperation  means 
working  together.  It  cannot  be  demanded. 
It  must  be  won.  Accept  your  share  of  re- 
sponsibility. Respect  the  rights  and  aspira- 
tions of  others. 

Must  Have  Good  Equipment 

Many  a  good  show  has  been  ruined  be- 
cause the  sound  was  too  loud  or  too  soft,  or 
that  the  picture  was  out  of  focus  during  the 
greater  portion  of  the  running  time. 

Proper  projection  is  one  of  the  most  im- 
portant phases  in  theatre  operation,  and  the 
managers  and  their  assistants  must  make 
sure  that  the  picture  projected  and  shown 
on  their  screen  meets  with  the  most  exact- 
ing standards,  which  are  outlined  in  perfect 
theatre  operation. 

Advertising  and  Trade  Papers 

Make  it  clear  in  your  advertising  that 
your  house  is  worthwhile.  Adhere  to  a  high 
standard,  and  make  your  theatre  a  commun- 
ity institution.  In  a  message  to  your  patrons, 
drive  home  a  well-defined  idea!  Connect 
with  such  chummy  chats  sales  ideas  with  a 
decidedly  intimate  atmosphere  that  will 
subconsciously  give  the  reader  an  impres- 
sion that  he  is  being  personally  addressed. 
This  will  go  a  long  way  towards  bringing 
about  a  close  bond  of  understanding  be- 
tween your  theatre  and  your  patrons. 

You  will  find  a  lot  of  good  terse  little 
sales  arguments  in  magazines  and  news- 
papers that  can  be  applied  to  movie  mer- 
chandising. 

No  theatre  man  should  be  without  a  copy 
of  every  issue  of  the  well-known  trade 
papers,  because  they  are  as  important  au- 
thorities on  our  business  as  any  medium  he 
could   possess. 


There  are  always  suggestions  in  these 
publications  that  tap  new  sources  of  patron- 
age and  outline  how  others  have  success- 
fully approached  some  ticket  selling 
problem. 

Ambitious  managers  will  scan  the  trade 
magazines  for  novel  ideas  that  may  prove 
adaptable  and  serve  to  remind  of  others. 
Compile  these  clippings  in  a  scrap  book  that 
will  be  a  constant  and  quick  reference  in 
your  efforts  to  call  attention  to  your  thea- 
tre and  its  attractions. 

Newspaper  Advertising 

In  analyzing  the  various  forms  of  theatre 
advertising,  the  medium  that  has  been 
proven  most  valuable  is  newspaper  adver- 
tising and  publicity.  It  is  the  best  form 
for  successful  seat  selling,  and  here  are 
several  reasons: 

1.  It  reaches  the  masses  by  good  cover- 
age and  circulation  at  a  minimum 
cost. 

2.  In  the  homes,  it  awaits  the  reader's 
leisure. 

3.  Your  ad  is  inserted  in  a  publication 
that  has  constant  reader  interest  day 
after  day. 

4.  The  morning  editions  are  read  by  the 
man,  woman,  boy  or  girl  going  to 
work;  the  afternoon  paper  gets  into 
the  house  when  the  family  is  formu- 
lating their  plans  for  the  evening's 
entertainment. 

5.  The  worries  of  distribution  are  elim- 
inated, because  of  organized  sales  and 
distribution. 

Women  Are  Important 

Direct  most  of  your  advertising  to  the 
female  sex.  Women  either  spend  the 
"dough"  themselves  directly  or  influence 
the  ways  in  which  it  will  be  spent.  Adver- 
tising is  the  means  through  which  you  can 
lure  the  women.  Single  or  married  .  .  . 
young  or  old  .  .  .  romance  is  one  thing 
that  interests  them.  Get  that  appeal  in  your 
copy  .  .  .  the  heart  interest,  the  heart  throbs, 
the  things  they  can  picture  as  happening  in 
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their  own  lives. 

In  planning  advertising  campaigns  it  has 
been  established  that  women  become  the 
objective — they  constitute  the  major  per- 
centage of  patronage,  or  at  least  cast  the 
final  vote  in  the  home  determining  the  ma- 
jority patronage.  The  manager  who  knows 
what  the  women  patrons  want  always 
makes  it  a  point  to  include  in  his  advertis- 


ing to  the  children  will  get  your  theatre 
talked  about  favorably  with  the  parents, 
uncles,  cousins  and  aunts.  Those  who  are 
led  will  attend  your  every-day  perform- 
ances, and  many  of  those  so  led  have  never 
been  there  before. 

Clean  Rest  Rooms 

It  is  the  first  essential  of  a  cleaning  in- 


A  study  in  illumination — Warner  Bros.  Beverly  Theatre,  Chicago 


ing  copy  an  illustration  or  announcement 
that  is  meant  for  the  perusal  of  the  general 
feminine  patronage. 

Cultivate  Child  Patrons 

The  child  is  the  most  important  patron 
to  be  cultivated!  Children  are  born  great 
talkers,  and  their  word-of -mouth  advertis- 
ing is  valuable  in  ticket  selling. 

The  theatre  manager  should  get  to  know 
as  many  children  as  he  can.  Be  mean  to  a 
child  and  he  will  never  forget  it.  Where 
children  go — there  also  go  their  mothers 
and  fathers. 

Make  your  theatre  and  shows  as  attractive 
for  the  kids  as  is  humanly  possible.  Cater- 


spection  to  check  the  condition  of  the  rest 
rooms.  Invariably,  an  untidy  rest  room 
means  an  unclean  theatre.  One  way  to  over- 
come a  condition  such  as  this  is  to  have  all 
the  necessary  cleaning  and  maintenance 
supplies  readily  available  for  your  janitor 
staff  and  patrons. 

Make  it  a  point  to  see  that  an  usher  in- 
spects the  rest  rooms,  especially  the  ladies 
room,  not  less  than  once  every  two  hours. 
Also  have  the  matinee  cashier  give  you  a 
report  on  the  ladies  rest  room  when  she  is 
relieved  on  her  shift  by  the  night  cashier. 
This  applies  to  times  when  a  matron  is  not 
on  duty. 

You  must  know  the  saturation  point  in 


336 


SOUND  TRACK  THEATRE  BOOK 


Interior   of   Warner  Bros.   Capitol  Theatre,  Chicago 


controllable  expenses,  and  you  should  not 
overstep  these  amounts.  A  manager  can 
control  his  expenses  if  he  keeps  records  and 
knows  when  to  effect  savings  without  jeop- 
ardizing operation.  If  there  are  any  abnor- 
mal changes  that  have  occurred  in  any 
period,  be  familiar  with  them  so  that  in  ex- 
plaining the  results  of  your  theatre  in  any 
given  quarter,  you  can  account  and  explain 
the  reason  for  each  item. 

The  theatre  manager  who  informs  him- 
self adequately  about  his  operating  costs 
and  who  does  his  work  so  well  that  he  needs 
no  help  in  correcting  his  "expense  leaks" 
is  on  the  safest  road  to  achievement. 

A  few  businesses  prosper  exclusively  on 
transient  trade.  It  is  the  repeat  customer 
who  pays  the  rent  and  some  of  the  profits 
in  any  business.  This  is  just  as  true  in  the 
motion  picture  business  as  in  any  other 
business. 


If  we  know  a  person's  habits,  then  we 
can  take  steps  to  keep  alive  that  habit  which 
concerns  us.  If  you  know  that  a  person  fre- 
quents your  theatre,  you  can  keep  that  habit 
active  by  keeping  him  interested  in  your 
theatre  and  in  the  entertainment  you 
project  on  the  screen. 

Time  to  Plan  Ahead 

There  isn't  any  sentiment  in  Show  Busi- 
ness. Its  place  is  taken  by  RESULTS.  All 
the  hard  work  you  may  do  won't  wipe  red 
ink  off  the  books  unless  that  hard  work  is 
directed  by  intelligence  and  deep  thought. 

Today  you  arc  a  student  of  the  theatre — 
or  public  reaction — of  theatre  conduct  and 
management.  Intelligence,  hard  work  and 
creative  ability  will  always  be  the  attrib- 
utes which  focus  the  spotlight  of  attention 
on  the  individual  in  the  crowd. 

The  lush  days  in  show  business  may  roon 
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be  over  and  some  thought  and  planning 
must  be  given  to  keeping  the  flow  of  pat- 
ronage from  falling  below  normal.  In  fact, 
it  must  be  kept  well  above  the  normal, 
because  of  the  increased  operating  costs, 
taxes,  etc. 

The  task  of  "building  back"  will  be  easier 
for  the  showman  who  has  ever  been  watch- 
ful of  his  theatre's  place  in  his  community, 
who  has  kept  up  his  efforts  to  sell  it  insti- 
tutionally as  "a  place  to  go,"  as  a  habit. 

Showmen  should  ever  be  mindful  that 
show  business  will  one  day  be  worse  before 
it  is  better  and  we  should  be  building  our 
individual  and  collective  fortifications  now 
against  the  possibility  of  another  horrible 
depression,  a  depression  we  will  doubtless 
feel,  but  to  what  extent  depends  entirely 
upon  our  efforts  now. 

The  time  to  plan  for  the  future  is  today, 
for  today  is  the  tomorrow  of  yesterday. 

•  •      • 

A  courteous  employee  benefits  his  theatre 
as  well  as  himself.  Most  big  executives  are 
those  who  have  the  ability  to  get  along  with 
others,  and  courtesy  is  an  important  factor 
in  "the  ability  to  get  along." 

•  •      • 

Were  the  early  jobs  of  thousands  of  the- 
atre owners,  managers,  and  other  theatre 
executives  checked  carefully,  many  hun- 
dreds would  say,  "I  started  in  this  business 
as  an  usher."  A  shrewd  exhibitor  will  point 
out  to  his  ushers  that  there  are  promotions 
and  financial  rewards  ahead  for  those  ushers 
who  do  their  present  job  well. 

•  •      • 

Learn  everything  you  can  about  show 
business — that  is  good  advice  no  matter 
what  your  capacity  in  the  theatre  world 
might  be. 

•  •      • 

The  usher  is  the  host  of  the  theatre.  If 
he  is  not  a  good  host,  your  guests,  the 
patrons  of  your  theatre,  may  not  want  to 
make  a  return  visit.  The  good  exhibitor 
therefore  will  try  to  impress  upon  the  usher 
or  usherette  the  importance  of  treating  each 
patron  as  a  welcome  guest. 


HINTS  FROM  THEATRE  HEADS 

Interesting  ideas  are  often  contained  in 
letters  from  executives  who  knou  theatre 
operation  from  years  of  practical  experi- 
ence. 

I  think  it  would  be  swell  if  you  would  have 
a  space  called  "Why  Not?"  filled  with  ideas  sent 
in  by  men  in  the  theatre  business,  such  as  I  am 
enclosing  on  the  back  of  the  letter.  Some  ideas 
already  field  tested,  other  ideas  and  suggestions 
that  would  help  others. 

CHARLES  R.  BARNES 
Treasurer,  Fox  Wilshire  Theatres 
Beverly  Hills,  California 

The  sample  suggestions  mentioned  by  Mr. 
Barnes  and  enclosed  with  his  letter  are  printed 
below. 

1.  Invent  a  gadget  to  be  attached  to  the  ticket 
machine  that  stamps  or  prints  the  day  and  date 
on  each  ticket  as  it  comes  out.  Use  a  quick 
drying  ink. 

Why? 

This  would  save  theatres  lots  of  money  in 
many  ways. 

A.  A  doorman  who  is  palming  tickets  to  sell 
the  next  day  to  friends  or  others  could  not  do  so. 

B.  Patrons  who  are  standing  in  a  hold-out 
line  and  who  are  missed  by  the  doorman  may 
not  use  the  tickets  again. 

C.  A  change  theatre,  such  as  the  firm  I  work 
for,  which  uses  the  same  color  of  tickets  each 
day  throughout  the  year  and  also  the  same  tickets 
in  price  and  color  at  eight  other  theatres  may 
put  a  stop  to  patrons  who  buy  tickets,  and  after 
finding  that  there  is  a  wait  for  seats,  go  to  other 
theatres  and  use  the  same  tickets.  It  happens  a 
lot  here. 

2.  Have  a  book  printed  for  ushers,  usherettes, 
doormen  and  cashiers  as  to  the  rules  and  regula- 
tions of  the  house,  and  also  signals  and  other 
vital  information. 


I  think  that  every  theatre  should  pay  more 
attention  to  its  music  programs  before  the  start 
of  the  show,  and  not  leave  it  to  the  opetator 
to  play  only  records  of  his  choice.  We  lay  out 
a  music  program  for  every  show,  list  records 
in  the  order  they  should  be  played,  and  start 
12  minutes  before  the  first  reel.  It's  surprising 
how  many  people  come  in  early  to  hear  it. 


HARRY  B.  HUNT 


Hunt's  Casino  Theatre 
Wildwood,  New  Jersey 
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Good  Theatre  Management 


A  Guide  of W hat  to  D<9  and  When 


By  CHARLES  H.  RYAN 


I  intend  to  give  some  of  the  every  day 
details  which  experience  has  shown  to  be 
essential  to  good  theatre  management. 

I  am  aware  that  much  of  what  I  say 
will  be  "old  stuff"  to  those  veterans  who 
have  passed  their  lives  in  show  business. 
I  know,  however,  they  will  understand  that 
I  am  talking  primarily  to  the  many  new 
men  and  women  who  have  been  brought 
into  the  motion  picture  industry. 

These  new  owners,  managers  and  as- 
sistant managers  need  all  of  the  help  which 
we  can  give  them. 

I  hope  that  what  follows  will  be  helpful 
to  them. 

Importance  of  Projection 

Since  the  sound  picture  is  the  merchan- 
dise that  any  theatre  is  selling,  the  projec- 
tion booth  is  the  "heart"  of  your  theatre. 
It  is  imperative  that  managers  acquaint 
themselves  with  their  operators,  their  booth 
and  its  equipment. 

The  manager  should  check  to  see  that  his 
operators  are  caring  for  the  equipment  in 
the  booth.  Make  sure  that  they  have  clean 
rags  to  wipe  down  the  machines,  sufficient 
oil  to  care  for  the  moving  parts  of  the 
equipment.  Check  to  see  that  they  are 
keeping   clean    and    polished    the    reflectors 


and  lenses.  If  you  have  glass  port  hole 
covers,  see  that  these  are  cleaned  daily. 
A  small  accumulation  of  dust  on  these 
ports  can  result  in  a  great  loss  of  light  on 
the  screen. 

It  is  essential  that  you  use  the  correct 
grade  of  oil  as  recommended  by  the  .nanu- 
facturer  of  the  equipment,  when  oiling  any 
part  of  the  projection  mechanism. 

It  is  of  the  utmost  importance  that  your 
operator  realizes  the  necessity  of  carefully 
handling  the  film  and  seeing  that  it  is  kept 
clean  and  is  not  mutilated. 

Always  remember  the  focus  of  the  pro- 
jection equipment  must  be  changed  when 
you  are  showing  a  Technicolor  feature  or 
short  subject.  All  operators  are  familiar 
with  this,  but  many  neglect  this  important 
operation.  For  the  best  resuits  from  any 
Technicolor  print,  change  focus  to  accom- 
modate the  change  from  black  and  white 
to  color. 

Keep  the  Booth  Clean 

Cleanliness  in  the  projection  booth  is  a 
MUST. 

Make  sure  that  the  operators  keep  the 
equipment  clean  at  all  times.  See  that  they 
are  supplied  with  cleaning  rags.  Dirty 
projection  equipment  causes  fires,  unneces- 
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sary  wear  and  is  responsible  for  fading  or 
loss  of  sound.  Visit  your  booth  frequently. 
Your  main  job  is  seeing  that  the  operators 
keep  the  equipment  cleaned  and  well  oiled. 

Every  manager,  new  or  old,  should  ac- 
quaint himself  with  all  electrical  switches 


and  loss  of  revenue. 

When  Trouble  Comes 

Sooner  or  later  in  your  capacity  as  man- 
ager or  assistant,  you  will  experience 
trouble    in    the    projection    booth.      When 
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A  clean  and  well  cared  for  theatre  will  attract  patrons    (Highland 
Theatre,  Chicago) 


controlling  his  sound  projection  system. 
Know,  and  clearly  mark,  exactly  what  each 
switch  controls.  In  this  way,  a  stranger 
to  your  booth  will  be  able  to  check  every 
possible  source  of  electrical  failure.  Also, 
maintain  a  permanent  list  of  the  fuses  re- 
quired in  your  booth,  and  keep  an  ample 
supply  of  spare  fuses  within  easy  reach. 
This    will    eliminate    shut    downs,    refunds 


this  occurs,  the  first  thing  to  remember  is: 

"DON'T  GET  EXCITED" 
If  in  the  event  of  a  breakdown  in  your 
theatre  sound  system,  allow  your  operator 
a  reasonable  length  of  time  to  locate  the 
trouble.  If  he  is  unable  to  remedy  the 
trouble,  then  it  is  time  to  call  for  help. 

Before  placing  the  call  for  an  engineer, 
or    your    theatre    equipment    dealer,    find 
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out  from  your  operator  what  he  thinks 
the  trouble  is  and  describe  these  symptoms 
when  you  call.  Oftentimes,  from  your 
description  of  the  trouble,  the  engineer  or 
dealer  can  direct  you  to  the  source  of 
trouble,  and  your  operator  can  make  the 
necessary  repairs  without  the  EXPENSE 
of  an  emergency  trip  to  your  theatre. 


Inspect   your   chairs   regularly,    and   keep 
them    in    repair 


Don't  ever  attempt  to  make  repairs  or 
"tinker"  with  the  sound  equipment  your- 
self. Remember,  your  sound  system  is  a 
precision  instrument  without  which  your 
theatre  cannot  operate.  This  equipment 
should  be  handled  only  by  an  expert. 

Watch  Sound  Carefully 

The  most  important  thing  to  do  is  to 
establish  the  proper  volume  of  sound  for 
your  theatre.  Sound  volume  should  be 
such  that  the  patron  is  able  to  relax  in 
his    theatre    chair    and    hear    every    word 


plainly.  There  should  be  no  straining  or 
tension.  Never  permit  the  sound  volume 
to  be  too  high  and  "blast"  the  patron  from 
his  seat,  nor  to  be  so  faint  that  it  is  a  mere 
whisper. 

It  is  the  MANAGER'S  personal  respon- 
sibility to  not  only  carefully  watch  the 
sound  level  in  his  theatre,  but  to  train  his 
theatre  staff  to  be  equally  adept  at  correct- 
ing faulty  sound.  Regardless  of  how  good< 
a  picture  may  be,  it  can  be  completely 
worthless  to  your  patrons  if  it  is  not  pre-' 
sented  with  the  proper  level  of  sound. 

In  regard  to  the  proper  sound  volume 
so  that  people  will  not  exert  themselves 
to  straining  to  hear,  I  have  had  several  oc- 
casions recently  where  I  entered  the  audi- 
torium of  our  theatres  and  found  the 
volume  so  low  that  the  people  could  not 
get  the  dialogue.  Managers  should  pay 
particular  attention  to  this  phase  of  the 
business  because  some  of  the  best  comedy 
of  certain  pictures  is  absolutely  lost  to  the 
audience  due  to  the  fact  that  the  operator 
is  not  signaled  or  has  not  been  instructed 
to  move  his  fader  up. 

Managers  should  at  all  times  have  a 
trained  employee  in  the  auditorium  to 
watch  the  sound.  If  no  employee  is  avail- 
able and  the  doorman  is  close  enough  to 
the  auditorium,  designate  him  as  the  one 
to  watch  for  the  proper  sounding  level  in 
your  theatre.  This  is  the  only  merchandise 
outside  of  the  sight  entertainment  we  are 
selling.  See  that  the  ear  entertainment  is 
just  as  good  as  the  eye  entertainment. 

Keep  Screens  Clean 

Screens  can  be  dusted  by  using  a  camel 
hair  brush  and  by  vacuuming.  When  using 
the  vacuum,  make  sure  that  you  use  the 
brush  attachment,  and  then,  only  vacuum 
the  rear  of  the  screen.  Be  careful  not  to 
put  the  dust  onto  the  face  of  the  screen. 

You  can  protect  your  screen  and  help 
prolong  its  life  by  following  these  two 
suggestions.  Keep  the  back  stage  as  free 
from  dust  and  dirt  as  possible.  Never  per- 
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mit  an  accumulation  of  old  equipment, 
lumber,  signs,  etc.,  back  stage.  These 
gather  dust  and  dirt,  and  when  moved 
this  dirt  will  tend  to  gather  on  the  screen. 
If  your  theatre  is  equipped  with  a  travel- 
ing stage  curtain,  always  close  at  the  end 


occur.  A  well  maintained  theatre  is  a  safe 
theatre.  A  clean  theatre  is  free  from  fire 
hazards. 

A  thorough  inspection  of  the  theatre 
before  closing  for  the  night  should  be  a 
MUST  to  all   managers.      All   remote  cor- 


The   mosaic  tiled  lobby  of  the  Capitol  Theatre,  Chicago 


of  the  show,  and  keep  the  curtain  closed 
over  night  and  during  the  time  the  theatre 
is  cleaned  in  the  morning. 

Dirt  on  screens  is  responsible  for  a  ter- 
rific loss  of  light,  and  the  quality  of  your 
projection  suffers.  Keep  the  screens  as 
free  from  dust  as  possible. 

Guard  Against  Dirt 

Dirt  and  dust  are  the  two  greatest  ene- 
mies of  all  mechanical  equipment,  and  by 
installing  an  efficient  "check"  system,  you 
can  forestall  costly  breakdowns  before  they 


ners  of  the  theatre  should  be  inspected. 

The  manager  of  a  theatre  has  a  unique 
obligation  to  the  community  and  his  pa- 
trons. Nothing  short  of  perfection  is 
enough.  Many  new  responsibilities  have 
been  placed  upon  the  theatre  manager  in 
the  operation  of  his  theatre  and  the  train- 
ing of  his  staff  to  meet  new  emergencies. 

Remember,  your  patrons  look  to  YOU 
for  their  Comfort  and  Safety.  You  can 
obtain  these  results  by  maintaining  a 
CLEAN  and  well  cared  for  theatre. 
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hire  Escapes  and  Exits 

All  fire  escapes  and  exit  doors  should 
continually  be  examined  to  determine 
whether  they  are  in  good  working  order 
and  whether  there  is  any  indication  of  rust 
or  other  deterioration.  Check  for  loose 
bolts,  angles,  supports,  etc. 

It  is  your  duty  to  take  every  precaution 
to  protect  the  hardware  on  the  doors  of 
your  theatre.  All  doors,  panic  bolts, 
hinges  and  locks  should  be  oiled  to  protect 
them  from  any  undue  wear.  Check  the 
fastening  screws  on  all  these  items  and  on 
all  door  pulls,  etc.,  to  prevent  strains. 

Door  closer,  or  door  checks,  should  be 
given  all  possible  care.  These  should  be 
kept  clean  and  oiled. 

Inspect  Marquee  and  Roof 

Roof  inspection  is  important  to  any  well 
operated  theatre.  Leaks  in  a  roof  may 
mean  damage  to  plaster  work  in  the  thea- 
tre. It  is  imperative  that  the  marquee  and 
the    theatre    roof    be    inspected    frequently 


and  defects  repaired  immediately. 

The  flashing  or  coping  on  the  roof  para- 
pet walls  often  becomes  defective.  This 
allows  water  to  seep  into  the  theatre,  and 
therefore  should  be  closely  checked. 

Downspouts  and  gutters  are  to  be  kept 
free  of  rubbish,  and  should  be  inspected 
for  signs  of  rust  or  deterioration. 

If  you  have  a  water  tank  on  the  roof, 
the  supports,  ladder  and  platform  should 
be  examined.  Exposed  areas  should  be 
painted  to  prevent  deterioration. 

Theatre  signs  that  are  supported  from 
the  roof  should  be  examined  for  signs  of 
rust  on  the  steelwork,  bolts,  rivets,  chains 
and  guy  wires. 

See  that  any  electric  wiring  on  the  roof 
is  well  insulated  and  supported.  Mechan- 
ical equipment  on  the  roof  should  be  in- 
spected as  frequently  as  that  inside  the 
theatre. 

When  there  is  a  heavy  snowfall,  see  that 
snow  is  removed  from  the  roof  and  mar- 
quee. Snow  should  especially  be  removed 
from  skylights.  Care  should  be  taken  when 
using  shovels  to  remove  the  snow  that 
damage  isn't  done  to  the  roof  surface. 


%.  \ 


Your  theatre  front  is  your  show  window 
— Rhodes    Theatre,    Chicago 


Vacuum  Cleaners 

Clean  the  vacuum  cleaner  tank  and  bag 
daily  to  obtain  maximum  efficiency  from 
the  cleaner.  Instruct  your  porter  not  to 
use  the  sweeper  to  pick  up  sharp  objects, 
as  they  rip  or  cut  the  bag. 

Handle  the  electric  extension  cord  on 
your  sweeper  with  great  care.  Don't  yank 
the  plug  out  of  its  socket  by  the  cord. 
Grasp  the  plug  itself.  Always  wind  the 
cord  loosely  for  storing  so  that  you  don't 
damage  the  fine  wires  inside.  Do  not  al- 
low wire  to  become  kinked  or  twisted. 

The  motor  should  be  turned  off  before 
removing  the  plug  from  the  wall  socket. 

Theatre  Chairs 

Inspect  your  chairs  regularly.  Do  not 
allow    the   seat   standard    to   become    loose, 
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as  it  allows  a  great  strain  to  be  placed  on 
other  portions  of  the  chair. 

Tighten  up  all  loose  attachments.  Use 
care  with  the  screw  driver  or  wrench  as 
hasty  and  careless  repairs  often  burr  screws 
and  deform  nuts.  These  burrs  and  cut- 
ting edges  are  responsible  for  damaged 
clothes  and  stockings. 

The  hinges  on  your  theatre  chairs  are 
like  any  other  piece  of  mechanical  equip- 
ment and  need  an  occasional  oiling.  Re- 
member, a  little  lubricant  where  it  is 
needed  is  a  great  deal  better  than  too  much. 
Be  Careful  .  .  .  too  much  oil  can  spread 
to  the  entire  chair  framework  and  soil 
patrons'  clothing. 

Care  of  Carpets 

It  is  necessary  that  all  managers  do  their 
utmost  in  caring  for  the  carpet. 

Remove  gritty  dirt.  The  presence  of  any 
gritty  material  in  the  pile  of  the  carpet  may 
cause  considerable  wear.  The  only  satis- 
factory method  of  removing  such  grit  is 
by  the  use  of  your  vacuum  sweeper.  See 
that  your  carpets  receive  a  thorough  vac- 
uuming daily. 

Remove  spilled  materials  as  soon  as 
possible.  If  spots  or  stains  get  on  carpets 
or  upholstery,  they  should  be  removed  be- 
fore they  have  a  chance  to  soak  in  and  dry. 

Breaks  or  tears  in  the  carpeting  should 
be  repaired  immediately.  Do  not  allow  a 
tear  in  your  carpet  to  remain  unrepaired  for 
any  length  of  time.  It  should  be  sewn 
before  the  tear  or  break  is  made  larger  by 
the  normal  flow  of  traffic  on  your  carpet. 
This  is  also  a  great  accident  hazard  and  has 
been  known  to  cause  serious  falls. 

Do  not  allow  carpets  to  become  ex- 
cessively wet.  Water  will  deteriorate  the 
pile  and  the  threads  of  the  carpet  and  cause 
them  to  wear  out  before  their  time. 

Save  Electricity 

It  is  important  that  you  become  familiar 
with  all  electrical  outlets  and  switch  boards 
in  your  theatre.  All  switches  and  circuits 
should  be  marked — showing  exactly  what 
each  controls. 


Do  not  allow  ushers  to  flash  their  lights 
on  and  off  unnecessarily.  Keep  batteries 
away  from  heat.  Heat  causes  expansion 
of  the  contents  and  will  burst  their  con- 
tainers. Prevent  dropping  of  batteries. 
This  will  open  the  seams  of  the  containers 
or  crack  the  top  seals,  permitting  the  elec- 
trolyte to  leak  out.  This  applies  to  all 
dry  cell  batteries. 

Make  sure  that  your  cleaners  and  porters 
are  equipped  with  and  use,  work  lights  so 
that  they  do  not  burn  the  large  theatre 
lights  while  cleaning. 

See  that  outside  exit  lamps  are  not  burn- 
ing in  the  daytime. 

Don't  turn  on  house  lights  prior  to  open- 
ing other  than  for  sufficient  time  to  check 
the  theatre,  and  to  make  sure  that  all 
lighting  circuits  are  in  proper  working 
order. 

Front  of  Theatre 

Always  bear  in  mind  the  fact  that  the 
front  of  your  theatre  is  the  show  window 
of  your  business.  It  is  from  the  front  and 
the  appearance  of  the  front  that  the  pro- 
spective patron  gains  his  impression  of 
your  theatre.  If  it  is  unkempt  with  dirty 
displays  not  properly  and  attractively 
shown,  you  are  apt  to  lose  a  customer.  All 
because  the  manager  did  not  take  an  active 
interest  in  this  important  phase  of  his 
business. 

Your  changeable  letters  should  be  con- 
stantly washed,  painted  or  repaired.  Have 
your  sign  man,  or  usher,  wash  every  letter 
before  it  is  placed  on  your  marquee.  He 
can  do  this  as  he  makes  up  his  sign  change. 

Dirty  backgrounds  detract  from  the 
value  of  a  marquee  sign. 

Keep  Displays  Attractive 

Your  display  frames  in  the  front  of  your 
theatre  are  truly  your  show  windows.  This 
is  where  you  display  the  merchandise  you 
are  selling.  Consequently,  every  effort 
should  be  made  to  keep  these  displays  at- 
tractive. Make  sure  that  the  glass  on  all 
frames  is  kept  clean  and  free  from  finger 
marks.   Washing   the  outside,   painted   fin- 
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ish  of  the  frames  once  a  week  will  keep 
them  from  looking  dull  and  unkempt. 
If  you  have  chrome  on  any  of  your  dis- 
plays, make  sure  that  the  porter  wipes  the 
chrome  daily.  Chrome  can  be  kept  at- 
tractive by  merely  wiping  it  with  a  damp 
cloth  and  then  polishing. 


office  in  every  theatre  uses  one  or  two  signs 
of  some  sort.  Are  these  signs  clean,  neat 
and  legible?  Do  they  tell  the  story?  More 
than  any  other  place  in  the  theatre,  your 
box  office  is  the  patron's  first  contact  with 
the  theatre  and  its  personnel.  Make 
doubly   sure   that    their  first   impression   is 


Displays    sell    your    coming    attractions — Orpheum    Theatre,    Hammond, 

Indiana 


Date  snipes  on  all  displays  are  impor- 
tant. Make  sure  that  every  display  piece 
is  correctly  dated  so  that  patrons  can  tell 
at  a  glance  when  the  attraction  is  playing 
your  theatre.  Date  snipes  are  inexpensive. 
They  are  important.  You've  got  to  tell 
them  WHEN,  as  well  as  WHAT.  Keep 
all  date  snipes  clean  and  neat.  If,  through 
constant  use,  they've  become  dirty,  punched 
with  thumb  tack  holes  and  torn,  get  new 
ones.     They'll  add  to  your  displays. 

Box  Office  Makes  Impression 

How  about  your  Box  Office?  Every  box 


good.  Keep  the  box  office  clean  and  or- 
derly. See  that  your  price  and  policy  signs 
are  in  good  order.  Also,  make  sure  that 
your  cashier  does  not  allow  her  friends  to 
detract  from  the  advertising  value  of  your 
box  office  by  loitering  and  loafing  around, 
in  most  cases  covering  up  the  signs  you 
want  your  patrons  to  see. 

You  may  not  think  of  your  box  office 
as  a  medium  of  advertising,  but  it  is.  In- 
stitutional advertising,  maybe,  but  it  really 
is  direct  contact  advertising  and  its  value 
should  not  be  lessened  by  dirty  signs  and 
loiterers. 
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Although  this  is  not  advertising  in  the 
strictest  sense,  the  cleanliness  of  the  side- 
walk and  curb  in  front  of  your  theatre  is 
important  to  the  money  you  have  already 
spent  to  dress  up  the  front  of  your  theatre. 
None  of  us  would  spend  a  lot  of  money 
for  a  fine  living  room  rug  and  then  use 
packing  boxes  for  the  chairs  and  tables. 
Keep  the  front  clean  of  all  rubbish  and 
refuse.  It  only  takes  a  broom  and  a  few 
minutes,  and  it  will  enable  you  to  show 
off  the  front  of  your  theatre  to  the  best 
advantage  to  prospective  patrons. 

Lobby  Displays 

Keep  a  constant  check  on  all  inner  dis- 
play frames.  Make  sure  they  are  always 
filled  and  that  material  is  properly  dated. 
As  on  the  front  displays,  snipes  should  be 
clean  and  properly  placed.  NEVER  AL- 
LOW A  BLANK  FRAME  IN  YOUR 
LOBBY  DISPLAYS.  See  that  they  are 
filled  with  something  at  all  times. 

Your  lobby,  if  you  have  the  room,  is  an 


excellent  place  to  "sell"  your  coming  at- 
tractions. Many  theatres  have  had  small 
"coming  attractions"  monthly  boards  made 
up.  These  boards  list  the  entire  month's 
attractions  that  are  coming  to  the  theatre. 

Screen  Trailers 

This  is  the  most  important  medium  at 
your  command  for  selling  your  attractions 
in  advance,  and  should  be  carefully  watched 
to  see  that  it  is  being  handled  properly. 

Watch  your  trailers  closely.  Make  sure 
they  are  properly  dated  and  sniped  and 
be  sure  that  the  snipes  are  of  sufficient 
length  to  allow  easy  readability. 

The  spotting,  or  placement  of  trailers 
in  your  program  is  very  important.  Do 
not  overcrowd  your  screen  with  trailers  of 
coming  attractions.  Remember,  patrons 
attend  your  theatre  to  see  the  show,  not  to 
see  a  lot  of  advertising.  They  want  to  see 
what  is  coming  to  your  theatre  in  the  near 
future,  and  appreciate  the  showing  of  pre- 
vues.     But  do  not  overdo  it. 


I  Want  a  Manager — ' 


The  following  article  was  written  by  a 
well  known  executive  with  a  background 
of  experience  dating  to  the  early  days  of 
the  motion  picture  theatre. 

I  had  the  pleasure  of  being  a  guest  at 
the  home  of  a  very  prominent  chain  thea- 
tre executive.  He  was  enjoying  an  after- 
noon of  rest,  after  working  twelve  to 
eighteen  hours  every  day  over  a  period  of 
several  months. 

This,  as  I  have  said,  was  an  afternoon  to 
relax,  in  house  slippers  and  lounging  coat. 
But  he  wasn't  relaxing.  His  extreme  ner- 
vousness indicated  only  too  plainly  that  he 
was  worried  about  something. 


He  told  me  all  about  it  when  I  asked 
him  what  was  wrong.  The  average  new 
manager  simply  didn't  seem  to  understand 
a  theatre  manager's  duties. 

Well,  we  all  have  our  own  ideas  of  what 
the  ideal  theatre  manager  should  be.  The 
requisites  which  he  listed,  however,  are 
particularly  good  ones  in  my  opinion.  Most 
of  the  older  theatre  managers  know  these 
requirements.  It  is  just  possible,  neverthe- 
less, that  you  have  forgotten  some  of  them, 
and  so  I  believe  that  these  suggestions  may 
be  helpful  to  all  of  you. 

Requisites  of  a  Good  Manager 

"I  want  a  manager,"  this  exective  said, 
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"who  will  do  more  than  simply  open  the 
doors  fifteen  minutes  before  show  time, 
and  then  forget  all  about  his  theatre  after 
closing  time. 

"I  want  a  manager  to  realize  that  he  is  a 
merchant,  with  perishable  merchandise  to 
sell  to  the  public.  He  has  a  picture  for  only 
a  few  days,  and  therefore  he  must  get  as 
much  as  he  can  out  of  it  within  those  few 
days. 

k'I  want  a  manager  who  knows  how  to 
feel  the  pulse  of  his  clientele  as  to  likes 
and  dislikes  regarding  stars  and  types  of 
pictures.  He  should  be  able  to  select  the 
angles  best  suited  for  advertising  each  pic- 
ture to  this  clientele,  and  if  the  right  angle 
does  not  appear  from  the  press  book,  he 
must  be  able  to  use  his  own  originality. 

Interest  in  Civic  Affairs 

"I  want  a  manager  who  is  a  good  mixer. 
He  must  not  only  be  courteous  and  friendly 
with  his  patrons,  but  he  should  be  able  to 
mix  with  his  fellow  merchants,  with  civic 
leaders,  with  the  clergy  and  with  the  school 
board  and  the  politicians — without  being  a 
politician  himself. 

"I  want  a  manager  who  is  a  good  house- 
keeper. He  must  check  his  marquee  and  his 
lobby  to  see  that  the  proper  photographs  are 
displayed  on  his  coming  attractions.  He 
must  personally  inspect  the  cleaning  of  his 
theatre,  and  make  certain  that  the  screen 
curtain  is  closed,  that  the  janitors  do  not 
turn  on  all  the  lights  while  cleaning  the 
auditorium,  and  that  the  rest  rooms  are 
clean  and  sanitary.  He  must  inspect  his 
carpets  and  seats,  and  see  that  they  are 
repaired  immediately  when  necessary.  He 
must  check  his  heating  or  ventilating  sys- 
tem so  that  his  patrons  will  be  comfortable 
at  all  times. 

"I  want  a  manager  who  will  be  respected 
by  his  employees  and  by  his  clientele — 
the  type  of  man  to  whom  the  public  en- 
trusts the  care  of  children  for  entertain- 
ment. He  must  cater  to  the  children,  for 
the  child  patron  of  today  is  the  adult  pa- 
tron of  tomorrow. 


Importance  of  Projection  Equipment 

"I  want  a  manager  who  realizes  that  the 
heart  of  his  theatre  is  in  the  projection 
booth,  and  that  he  is  driving  patrons  from 
his  theatre  if  his  equipment  is  not  function- 
ing perfectly.  He  must  take  the  time  to  go 
over  the  equipment  with  the  operator  at 
least  once  a  week,  so  that  repairs  can  be 
made  and  worn  out  equipment  replaced. 

"I  want  a  manager  who  writes  his  ads 
long  before  the  newspaper  deadline,  and 
who  reads  the  proof  before  the  ad  is  run. 

"I  want  a  manager  who,  if  he  does  not 
preview  his  show,  at  least  sees  the  entire 
first  performance.  If  he  finds  any  subject 
in  a  feature,  trailer  or  news  reel  that  he 
believes  objectionable  to  his  clientele,  he 
will  take  this  subject  out  of  the  picture. 

"I  want  a  manager  who  will  not  be 
afraid  to  write  our  central  booker  if  he 
believes  the  wrong  picture  has  been  booked 
for  a  day  on  which  his  community  is  hav- 
ing some  particular  celebration. 

"I  want  a  manager  who  will  personally 
edit  his  show  and  arrange  his  schedule 
within  the  hours  prescribed  by  the  main 
office,  and  not  allow  this  duty  to  fall  to 
the  operators  or  janitors.  Nor  will  he  wait 
until  show  time  to  ascertain  if  the  right 
films  have  arrived. 

"I  want  a  manager  who  will  police  his 
theatre  and  maintain  order  during  every 
performance. 

"I  want  a  manager  who  is  as  much  in- 
terested in  the  theatre  and  its  financial 
welfare  as  though  it  were  his  own. 

Good  Future  for  Right  Men 

"Maybe  I  am  expecting  a  lot  of  a  man- 
ager, but' on  the  other  hand,  I  have  a  great 
deal  to  offer  in  return  to  a  man  with  those 
qualifications.  We  promote  our  managers 
to  city,  managers,  our  city  managers  to  dis- 
trict managers,  and  our  district  managers 
to  the  home  office.  The  young  manager  of 
today  has  an  excellent  future  before  him  if 
he  sincerely  tries  to  learn  our  business." 

I  thought  the  ideas  of  this  theatre  execu- 
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tive   were   worth   passing  on.      If   you   are  the  company  for  whom  you  work.     I  am 

one  of   the   many  hundreds  of   new   man-  just  as  sure  that  the  added  effort  and  con- 

agers,    I    am   confident    that   you   will   find  scientious    operation    of    your    theatre    will 

some   helpful    information    that    will    place  not  only  be  beneficial  to  you,  but  will  not 

you   in  a  position   to  be  more   valuable   to  be  overlooked  by  your  employer. 


"I    hear    that   your    manager   died    yesterday — I'd    like    to    take   his 

place." 
It's  all   right  with   me,   if  you  can   arrange  it  with  the  undertaker." 
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Theatre  Employees 

Wow  A  Large  Chain  T 'rains  Its  Personnel 


By  C.  HARRY  SCHREIBER 

Assistant  Western  Division  Manager,  R-K-O  Theatres 


Here  at  R-K-O  we  have  endeavored  in 
every  way  to  solve  the  problem  brought 
about  by  the  shortage  in  trained  theatre 
personnel. 

By  means  of  careful  training  along  well 
established  and  sensible  regulations,  we  do 
believe   that   we  have   continued   to  please 


our  patrons. 

Let  us  take  the  Palace  Theatre  in  Chi- 
cago as  an  example.  Here  we  have  a  com- 
bination staff  of  boys  and  girls.  While 
much  has  been  said,  pro  and  con,  on  the 
subject  of  women  in  the  theatre,  we  can 
only   remark   that   on   the   whole   we   have 


Usherettes  at  their  posts  in  the  R-KO  Palace  Theatre,  Chicago 
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found    our    girl 
every  respect. 

Before  discussing  the  subject  in  further 
detail,  I  should  like  to  point  out  that  the 
Palace  is  one  of  a  chain  of  more  than  one 
hundred   theatres.   While  I   appreciate   that 


the  same  time,  we  try  to  make  things  as 
pleasant  as  possible  for  our  employees.  The 
relationship  between  employer  and  em- 
ployee should  be  based  on  fair  treatment 
and  loyalty,  and  their  mutual  cooperation 
is  vital  to  good  operation. 


Chief  of  Service  and  a  group  of  usherettes  at  the  R-K-O  Palace  Theatre,  Chicago 


all  of  the  rules  and  regulations  of  a  large 
metropolitan  theatre  do  not  apply  to  the 
smaller  house,  I  do  believe  that  at  least 
some  of  our  principles  of  training  may  be 
applied  in  a  modified  form  to  any  type  of 
theatre. 

One  fact  that  we  stress  to  every  R-K-O 
employee  is  that  his  job  is  to  make  things 
as  pleasant  as  possible  for  our  patrons.     At 


The  Doorman 

The  theatre  doorman  is  a  most  important 
employee,  for  his  duties  go  farther  than 
just  receiving  tickets.  His  appearance  and 
personality  mean  ever  so  much  to  the  pa- 
tron, because  his  greeting  must  convey  sin- 
cerity and  friendliness  to  the  patron.  He 
must  know  at  all  times  the  information  per- 
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taining  to  the  schedule  of  shows,  as  well  as 
becoming  reasonably  familiar  with  coming 
attractions  and  their  dates. 

The  doorman  must  keep  in  mind  as  to 
whether  the  manager  and  other  executives 
are  in  or  out  of  the  theatre.  His  ability  to 
recognize  executives  and  employees  of  the 


The    doorman's    position    is   one   of    trust 
and   responsibility 


theatre  is  of  great  importance — and  his 
ability  to  recognize  as  many  of  the  patrons 
as  possible  is  of  even  greater  importance. 
Service  of  this  type  is  always  effective. 

As  the  doorman  is  one  of  the  most 
trusted  employees  of  the  service  depart- 
ment, he  should  possess  good  judgment  in 
matters  pertaining  to  wrong  doing  and 
dishonesty. 

Ushers  and  Us  here  ties 

An   usher  or  usherette  should  be  unfail- 


ingly polite  to  the  patrons  of  the  theatre. 
The  same  politeness  should  be  extended  to 
their  fellow  workers,  addressing  them  as 
"Mister"  or  "Miss,"  and  never  by  calling 
out  first  names  or  snapping  of  fingers. 

Whenever  it  is  necessary  to  approach  a 
patron,  the  conversation  should  begin  on 
the  part  of  the  usher  with  a  "Pardon  me," 
and  end  with  a  "Thank  you."  If  by  chance 
a  member  of  the  service  staff  should  acci- 
dentally bump  into  a  patron,  he  should  al- 
ways remember  that  the  patron  is  a  guest, 
and  never  fail  to  apologize. 

There  are  a  number  of  opportunities  that 
present  themselves  to  render  service  of  this 
kind,  and  the  good  usher  or  usherette  will 
not  fail  to  take  them  to  good  advantage. 
From  what  one  hears,  there  has  been  more 
or  less  of  a  letdown  in  theatre  courtesy.  If 
the  manager  demands  that  there  be  no  let- 


The   patron   should   be   greeted   with 
affable    courtesy 
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down  in  courtesy  in  his  theatre,  he  may  be 
sure  that  by  so  doing,  an  everlasting  im- 
pression will  be  made  on  his  patrons. 

Knowing  the  layout  of  the  theatre  is  a 
"must"  of  the  R-K-O  Service.  Every  mem- 
ber of  the  service  staff  is  made  to  familiar- 
ize himself  with  the  theatre  proper,  such  as 
the  location  of  telephone  booths,  lounge 
rooms,  drinking  fountains  and  the  offices 
of  executives.  The  knowledge  of  this  infor- 
mation enables  him  to  return  intelligent 
answers  to  a  patron,  and  makes  that  patron 
feel  welcome  in  your  theatre. 

The  conduct  of  an  usher  or  an  usherette 
should  always  be  that  of  a  gentleman  or  a 
lady.  Discipline  and  training  are  essential 
at  all  times  if  the  members  of  the  service 
staff  are  to  coordinate  properly,  as  all  rules 
of  conduct  have  definite  reasons,  and  must 
be  respected  and  obeyed  while  on  duty.  In- 
structions should  be  carried  out  promptly 
and  without  argument,  as  any  differences 
may  always  be  discussed  and  settled  pri- 
vately. 

It  is  our  policy — and,  we  trust,  the  policy 
of  most  theatres — to  employ  persons  of  such 
calibre  that  their  actions  away  from  the 
theatre  will  not  reflect  unfavorably  upon 
the  reputation  of  their  theatre.  The  ushers 
or  usherettes  should  know  how  to  conduct 
themselves  in  their  dressing  rooms  in  a 
proper  manner,  and  not  engage  in  any  loud 
or  disturbing  talking.  The  dressing  rooms 
should  always  be  kept  as  clean  and  orderly 
as  possible. 

Accidents  and  Complaints 

A  member  of  the  service  staff,  apart  from 
the  Chief  of  Service  or  the  Assistant  Chief, 
should  not  attempt  to  handle  any  accident, 
regardless  of  how  minor  it  may  be,  without 
the  assistance  of  a  superior.  If  an  accident 
occurs  in  his  vicinity,  he  should  of  course 
give  the  injured  person  every  immediate 
attention,  paying  particular  regard  to  the 
condition  of  the  patron.  A  superior  may 
then  be  summoned  to  take  any  further  steps 
that  may  be  necessary.  In  our  own  organi- 
zation  we   demand    that    a    full    report    be 


made  out  for  even  the  most  trivial  of  acci- 
dents on  forms  provided  by  our  Insurance 
Department. 

All  complaints,  even  when  apparently 
unreasonable,  should  be  handled  without 
giving  offense  to  the  patron.  An  executive 
or  immediate  superior  should  be  called  if 
the  usher  or  usherette  is  unable  to  dispose 
of  the  complaint  satisfactorily.     This  defi- 


Seating  patrons   with   a  smile 

nitely  applies  to  patrons  requesting  refunds. 
Every  member  of  the  service  department 
should  make  all  possible  efforts  to  try  and 
locate  any  lost  article  reported  by  a  patron. 
If  he  is  unable  to  locate  the  article  at  the 
time,  he  should  take  the  name  and  address 
of  the  patron,  along  with  a  description  of 
the  article  lost,  and  ask  the  patron  kindly 
to  call  back  the  following  day.  Before  going 
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off  duty,  he  should  turn  in  a  report  giving 
a  description  of  the  article  and  the  location 
where  it  was  lost  to  the  Chief  of  Service,  so 
that  he  in  turn  may  notify  the  janitors  to 
make  a  further  search.  No  greater  impres- 
sion can  be  given  to  a  patron  than  by  re- 
turning something  of  value  which  may 
have  been  lost  in  your  theatre. 

Exceptional  Opportunity 

In  my  opinion,  there  are  greater  oppor- 
tunities today  for  the  newcomer  in  the  the- 
atre field  than  ever  before. 

There  are  a  great  many  men  and  girls 
entering  the   theatre  field   who  are  keenly 


interested  in  their  work  and  sincerely 
anxious  to  make  good.  They  realize  that 
the  patron  appreciates  courtesy  and  com- 
fort, and  in  endeavoring  to  render  the  best 
service  possible,  they  are  making  friends 
for  the  theatre. 

Needless  to  say,  theatre  executives  and 
managers  are  constantly  on  the  alert  for  this 
type  of  employee.  If  the  new  employee  dis- 
plays a  real  effort  to  make  good,  he  may 
not  only  be  sure  of  his  position,  but  will 
stand  in  line  for  rapid  promotion.  With 
many  new  theatres  to  be  built  and  a  pos- 
sible reshuffling  of  personnel,  the  oppor- 
tunities for  advancement  in  theatre  busi- 
ness are  virtually  unlimited. 


"But    isn't    there    someone    already    sitting    in    that   seat?" 
"Oh,  it's  just  a  sailor.  He  won't  mind." 
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Some  Tips  for  Advancement  in  theatre  Work 


By  CHARLES  H.  RYAN 


I  often  feel  that  there  are  certain  ques- 
tions which  every  young  man  or  every 
young  woman  in  theatre  work  should  ask 
himself  or  herself. 

Who's  who  in  your  organization?  Who 
is  an  outstanding  figure  in  your  theatre 
or  department?  Who  is  looked  upon  as  a 
leader  willing  to  accept  responsibility? 
Who  has  initiative,  aggressiveness  and  re- 
sponsibility? Who  has  accomplishment? 
What  individual  is  possessed  of  the  best 
ideas  and  who  among  you  is  promoting 
ideas  for  the  betterment  of  the  organiza- 
tion with  which  you  are  identified. 

If  you  are  looking  for  something  to  turn 
up  that  will  be  advantageous  to  you,  the 
chances  are  you  will  live  and  die  a  dis- 
appointed man.  Opportunities  seldom  if 
ever  turn  up  to  your  advantage  without  a 
justification  upon  your  part  which  has  been 
caused  by  the  weighing  of  your  value  by 
the  organization  with  which  you  are  con- 
nected. 

You,  by  your  own  efforts,  can  make  your- 
self so  valuable  that  your  organization  can- 
not afford  to  dispense  with  your  services. 
You  will  be  given  greater  responsibilities, 
more  authority,  and  be  made  supervisor 
over  a  number  of  other  individuals. 

You  cannot  go  further  than  your  organ- 
ization goes.  You  cannot  succeed  to  a 
greater  extent  than  your  employer  does.  If 
your  employer  or  perhaps  the  theatre  with 
which  you  are  connected  isn't  making  prog- 
ress, make  it  your  responsibility  to  ascertain 


to  what  extent  you  are  responsible.  If  you 
are  ambitious,  if  you  are  earnest,  be  some- 
thing more  than  a  social  security  number 
on  the  payroll.  You  can  make  yourself  con- 
spicuous by  excellent  work,  by  pounding 
and  driving  ahead  on  your  job  every  day. 

Service  to  the  Public 

Service  to  the  public,  to  those  who  spend 
their  money  for  food,  or  clothing,  or  amuse- 
ment, is  one  sure  way  to  make  any  kind  of 
business  establishment  safe  from  the  assault 
of   competition. 

Many  big  commercial  institutions  have 
long  recognized  the  full  value  of  cheerful, 
smiling  service — of  giving  even  more  than 
the  money  expended  calls  for.  Here  in  our 
own  organization  our  employees  make  a 
voluntary  pledge  to  uphold  our  standards, 
and  to  follow  our  established  rules  of  good 
will  and  service.  The  pledge  to  which  I 
refer  is  as  follows: 

I  will  to  the  best  of  my  ability,  try: 
To  be  a  gentleman. 
To  render  100%  service. 
To  be  courteous    to  patrons    and   to 
fellow  employees. 

To  work  willingly  and  cheerfully. 
To  be  pleasant  and  wear  a  smile. 
To    be    alert,    to    anticipate    patron's 
desires  and  to  surprise  them  with  services 
and  attentions  they  do  not  expect. 

To  speak  pleasantly;  to  say,  "Yes, 
sir,"  and  tfNo,  sir,"  and  "I  thank 
you,"     and     "Please,"     in      a     pleasant 
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voice. 

To  obey  our  rules  because  I  realize 
that  rules  are  necessary  in  a  business 
organization. 

To  practice  headwork  and  heart- 
work  because  I  know  that  these  virtues 
are   indispensable    to   success. 

To  keep  my  temper. 

To  avoid  arguing  with  a  patron. 

To  make  every  patron  satisfied  and 
happy. 

Rules  for  Good  Will 

1.    Be  neat.     Be  on  time.     Do  not  talk 


loud.      Do  not  chew  gum. 

2.  Be  dignified.  Avoid  unnecessary  con- 
versations. 

3.  Do    not    encourage    flirtations    with 
patrons. 

4.  Never  give  short  or  flippant  answers. 

5.  Avoid  listlessness.  Stand  erect  at  your 
post. 

6.  Keep  cool.    Do  not  lose  your  temper. 

7.  Never  argue.  When  anything  is  be- 
yond you,  refer  to  your  superior. 

8.  Maintain  quiet  during  the  perform- 
ance. 

9.  Make     a    special     effort    to     comfort 


Mr.   Charles  H.   Ryan    (seated),  shown   with  Mr.  Eli   Arkin,  manager,   and   Mr.  Walter 
Stacey,   assistant   manager,   of   Warner  Bros.   Avalon  Theatre,  Chicago 
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10. 


1  1 


12. 


13. 


elderly  people. 

Report   anyone   changing   seats   more 
than  once  during  the  performance. 
Never  be  discourteous.  Grouchy  peo- 
ple can't  stand  up  under  kindness. 
Always  meet  rudeness  with  tact  and 
kindness. 

Don't  grouch  .  .  .  we  sell  good  service 
just  as  we  do  good  pictures. 


be  asked  to  step  to  the  foyer  until 
the  baby  becomes  quiet. 
19.  You,  by  your  conduct,  can  make  or 
break  this  theatre.  It  may  take  a  hun- 
dred dollars  worth  of  advertising  to 
coax  a  new  patron  into  this  theatre, 
and  you,  with  surly  manner  or  sulky 
word,  can  drive  them  away,  never  to 
return. 


Staff  of  ushers  at  Avalon  Theatre,  Chicago 


14.  Always  wear  a  cheerful  smile. 

15.  Strive  to  please  and  satisfy  every 
patron  as  if  you  owned  the  theatre 
yourself. 

16.  Do  not  say,  "Yes,"  and  "No,"  but 
"Yes,  sir,"  and  "No,  sir,"  or  "ma'am" 
as  the  case  may  be. 

17.  "This  way  please"  .  .  .  "Thank  you" 
.  .  .  "Kindly  remove  your  arm 
please,"  are  magic  phrases.  Always 
use  them  when  speaking  to  patrons. 

18.  Mothers    with    crying    babies    should 


Courtesy  Our  Creed 

We  believe  in  courtesy,  in  generosity,  in 
good  cheer  and  in  friendship.  But  most  of 
all— we  believe  in  COURTESY. 

Therefore,  it  behooves  every  man  or 
woman  we  employ  to  remember  this  al- 
ways, and  to  treat  all  patrons  with  COUR- 
TESY and  careful   consideration. 

Impress  upon  the  patron,  through  your 
COURTESY,  the  fine  good  fellowship  of 
the  place;  the  "no-trouble-to-help-you" 
spirit.   Never  be   grouchy,   surly  or   impa- 
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ticnt — remember,  the  patron  pays  your 
salary;  without  him  your  salary  stops,  and 
you  are  out  of  a  job. 

Keep  Customers  Coming 

New  customers  are  just  as  valuable  as 
old  customers — remember  that;  for  each 
new  customer  is  an  old  customer  in  the 
making.  See  that  you  do  your  part  to  make 
him  want  to  come  back  with  his  family  and 
his  friends.  Impress  upon  him  through 
your  courtesy  the  fine  good-fellowship  of 
the  place;  the  '  no-trouble-to-help-you" 
spirit. 

"That  must  be  a  good  theatre,  because 
the  employees  are  always  so  kind  and  cour- 
teous." 

Kindness,  if  you  show  it  to  others,  will 
radiate  from  you  like  the  warmth  of  the 
sun  over  the  hill-tops.  Kindness  and  cour- 
tesy are  infectious.  Give  a  cheerful,  kind 
and  courteous  answer  to  the  meanest  grouch 
(if  there  is  such  a  person),  and  you  are 
quite  sure  to  have  a  kind  answer  in  return. 
A  grouchy  person  can't  stand  up  under 
kindness  and  courtesy. 

"Give,  and  it  shall  be  given  unto  you — 
full  measure,  pressed  down  and  overflow- 
ing." And  that  goes  for  a  surly  answer  as 
well  as  a  courteous  one. 

Among  the  things  the  usher  should  have 
knowledge  of  is  the  schedule  of  the  show. 
He  should  know  the  length  of  the  show  so 
that  he  can  answer  the  frequently  asked 
question,  "If  I  go  in  now,  what  time  will  I 
be  out?"  The  usher  should  be  able  to  tell 
the  patron  whether  or  not  the  feature  is 
nearly  over  so  that  he  can  suggest  that  the 
patron  wait  in  the  lounge. 

You  young  men  and  women  are  in  ex- 
actly the  right  environment  to  acquire  not 
only  the  fundamentals  of  show  business, 
but  also  to  broaden  out  into  other  fields  if 
you  so  desire.  You  have  constant  contact 
with  the  public,  which  affords  valuable  ex- 
perience, and  by  initiative,  observation  and 
strict  application  you  will  develop  a  tech- 
nique which  it  would  otherwise  be  rather 
difficult  to  acquire. 

I  xecutives  arc  always  on  the  lookout  for 


the  young  man  who  has  really  got  what  it 
takes,  and  that  young  man  can  be  you  if 
you  are  constantly  on  your  toes. 

The  live-wire  usher  who  uses  every 
means  to  learn  the  rudiments  of  theatre 
operation,  in  every  department,  is  the  usher 
who  will  get  somewhere. 

Knowing  the  Ropes 

Ropes  have  become  part  of  the  equip- 
ment in  use  around  theatres,  in  lobby  and 
inside  to  hold  people  clear  of  all  aisles  and 
exits.  Everybody  on  the  staff  must  be  par- 
ticularly cheerful  when  the  house  is  full 
and  people  are  standing  in  rear  and  in 
lobby.  The  staff  should  wear  a  broad  smile, 
thus  helping  to  create  good  will,  and  they 
should  say  pleasant  things  to  those  stand- 
ing; for  instance,  "It  won't  be  long  now," 
or  jokingly  saying,  "Only  a  few  hours 
more."  In  this  way  you  can  hold  your 
patrons. 

"Stand  inside  the  ropes,  please;  thank 
you,"  is  a  term  suitable  for  this  kind  of 
work. 

Never  speak  crossly  to  any  patron  any 
time — but  particularly  in  a  crowd.  The 
reason  for  this  is  that  too  many  people  hear 
you  and  take  sides  .  .  .  not  with  you,  but 
with  the  patron. 

Never  pull  ropes  roughly  around  patron 
or  patrons.  Just  simply  say,  "Step  in  a 
little  further,  please,"  or,  "Sorry,  sir  (or 
madam  or  miss),  but  will  you  please  move 
up?" 

Never  accept  tips — NEVER. 

Aisles  and  exits  should  always  be  clear 
for  your  own  and  customers'  protection. 
You  will  find  people  willing  to  co-operate 
with  you  on  this.  The  law  insists  on  it,  too, 
and  rightly. 

The  return  of  a  lost  glove,  cap,  hat,  um- 
brella, pockctbook  or  anything,  in  fact, 
makes  friends. 

Ushers  should  be  ready  to  hold  coats  of 
both  ladies  and  gentlemen  patrons  when 
they  are  ready  to  leave. 

Let  the  public  know  you  arc  with  them 
and  want  their  business. 
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Advertising,  Exploitation — and  Showmanship 

By  M.  H.  NEWMAN 

Director  of  Exploitation,  Western  Division,  Columbia  Pictures  Corp. 


(As  the  result  of  a  request  to  Mr.  Newman 
for  a  few  biographical  facts,  tie  were  re- 
warded with  the  following  unblushing  au- 
tobiography entitled  "My  Biography — and 
Who  Cares?") 

"Just  ten  years  after  Mrs.  O'Leary's  cow 
kicked  the  bucket,  another  great  catastro- 
phe befell  Chicago  ...  I  was  born  there  .  .  . 

"My  first  sixteen  years  were  rigorously 
devoted  to  training  for  the  life  of  a  show- 
man ...  I  did  absolutely  nothing  but  eat, 
sleep  and  faithfully  study  the  racing  form 

"At  sixteen  I  stowed  away  on  an  ocean 
liner  going  to  Germany  ...  In  shipboard  I 
particularly  distinguished  myself  by  setting 
the  world's  all-time  K.  P.  record  ...  I 
peeled  more  damn  potatoes  than  you  can 
find  in  Idaho  today  .  .  .  Upon  docking,  I 
became  the  first  American  to  tour  Europe 
without  benefit  of  passport,  visas,  money 
or  luggage  .  .  . 

"In  Manila  I  met  a  wonderful  character 
who  had  two  obsessions  .  .  .  theatres 
(which  he  owned)  .  .  .  and  craps  (which 
he  always  lost)  .  .  .  First  I  went  to  work 
for  him,  managing  his  chain  of  theatres 
.  .  .  Then  I  went  to  work  on  him,  taking 
him  for  2  50  pesos  in  a  crap  game,  with 
which  I  promptly  went  into  business  for 
myself  .  .  .  roadshowing  two-reel  Chap- 
lins,  'Tillie's  Punctured  Romance'  and 
'The   Hypocrites'    throughout    China. 


"Then  came  the  Revolution  .  .  .  Joining 
Dr.  Sun  Yat  Sen's  Chinese  Army  as  a 
colonel,  I  soon  worked  myself  up  .  .  . 
Three  months  later,  I  was  worth  (to  the 
enemy,  there  was  a  price  on  my  head)  fifty 
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thousand  Ii  .  .  .  which  in  American  money 
is  about  a  buck  and  a  quarter  .  .  . 

"Returning  to  the  United  States,  I  met 
Sid  Grauman  and  became  his  General  Man- 
ager .  .  .  Three  years  later,  the  late  'Uncle' 
Carl  Laemmle  talked  Dutch  to  me  .  .  .  and 
I  took  over  the  management  of  his  Uni- 
versal theatres. 

"I  am  now  associated  with  Columbia 
Pictures  as  the  Director  of  Exploitation, 
Western  Division  .  .  .  When  I  took  the  job 
fifteen  years  ago,  they  told  me  it  was  tem- 
porary ...  It  probably  still  is!" 


You  have  asked  that  I  write  a  short 
piece  on  advertising,  exploitation  and  show- 
manship. 

Somehow,  this  reminds  me  of  another 
one  some  thirty  years  ago  at  the  other  end 
of  the  world. 

I  was  in  China  then,  helping  the  late 
and  beloved  Doctor  Sun  Yat  Sen  liberate 
his  great  country  which,  once  again,  is 
fighting  for  its  life. 

I  had  organized  and  helped  train  China's 
first  air  forces.  My  aviators  were  all  young 
patriots.  One  night  my  rickshaw  boy  ap- 
proached me  hesitantly  at  the  landing  field. 

"Colonel,"  he  asked  in  pidgen  English, 
"Would  you  teach  me  how  to  fly?" 


"Sure,  sure,"  I  replied,  "but  not  tonight. 
We  take  off  in  ten  minutes." 

The  boy  wavered  for  the  barest  second. 
"But  couldn't  you,"  he  protested  softly, 
"teach  me  in  ten  minutes?" 

Believe  me,  your  request  is  simpler. 

I  can  tell  you  all  about  showmanship — 
as  it  exists  today — in  ten  words,  not  ten 
minutes. 


Hitler  and  the  Box  Office 


-there 


is    no 


For    the    simple    truth 
showmanship  today. 

Unless,  of  course,  you  want  to  call  Hitler 
a  showman. 

For  it  was  he — not  showmanship — who 
was  filling  every  theatre  in  the  country; 
filling  them  with  heartsick  people  desper- 
ately seeking  an  hour's  escape  from  the 
holocaust  in  which  he  had  plunged  the 
world. 

It  was  Hitler  and  Tojo — not  showman- 
ship— trying  to  steal  their  "living  room," 
who  were  responsible  for  ''standing  room 
only"  in  every  theatre  in  America. 

Let's  give  the  devils  their  due.  They — 
not  showmanship — created  the  greatest 
box  office  boom  in  the  history  of  motion 
pictures. 

But,  of  course,  they  aren't  around  any 
longer.  Neither  will  those  lines  be  at 
our  theatres.  That  is,  unless  we  have  a 
revival  of  good  old  fashioned  showmanship. 

What  do  I  mean?  Well,  let's  turn  a  page 
or  two  in  my  scrap  book  of  memory. 

Modern  Adam  Still  Seeks 

The  year  is  1920. 

Sid  Grauman  has  just  booked  a  picture 
called  "Adam's  Rib"  into  his  Rialto  Thea- 
tre in  Los  Angeles. 

From  the  reports  all  over  the  country 
Grauman  hears  the  picture  is  "dying"  at  the 
box  offices.  Grauman  is  determined,  how- 
ever, to  put  it  over.  What  does  he  use? 
Why,  showmanship,  of  course. 

Two  weeks  before  the  picture  opens, 
thousands  of  startled  Angelenos  awoke  one 
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morning  to  find  a  bleached  rib-bone  in  their 
mail  boxes,  with  a  red  tab  attached  on 
which  is  printed,  "Beware — Adam's  Rib." 

A  week  later,  a  skeleton-like  apparition 
interrupts  a  concert  at  the  world-famous 
Hollywood  Bowl.  It  floats  over  the  audience 
and  wails  eerily. 

"I  am  Adam.  I  am  looking  for  my  lost 
rib." 


The  next  week,  thousands  of  people 
jammed  the  Rialto  Theatre  to  help  the 
ghost  of  the  Hollywood  Bowl  look  for  his 
"lost  rib." 

The  picture  played  for  eight  phenomenal 
weeks  at  Grauman's  Rialto. 

What  put  it  over?  Showmanship,  of 
course. 

A  Tale  of  the  Great  Drought 

Here  is  another  example: 

This  one's  on  me.  I  was  operating  the 
Columbia  Theatre  in  Seattle  during  pro- 
hibition. Against  the  judgment  of  my  well- 
intentioned  friends,  I  booked  a  picture 
called  "Wine."  I  knew  I  could  sell  it. 
And  sell  it  I  did,  with  one  stunt. 

I  had  two  hundred  boxes  made  up  with 
the  word   <wWine"   burned   into   the   wood. 


These  I  loaded  onto  a  horse-drawn  wagon, 
roped  and  covered  them  with  a  tarpaulin, 
and  engaged  a  driver  to  drive  the  load  to 
the  outskirts  of  the  city. 

There,  by  pre-arrangement,  he  removed 
a  wheel  to  give  the  effect  of  being  stalled, 
carelessly  pulled  back  a  portion  of  the 
canvas,  exposing  a  part  of  the  load — and 
disappeared. 

A  few  minutes  later,  the  sheriff's  office 
received  a  call  from  an  apparently  irate 
woman.  Indignantly,  she  directed  them  to 
the  contraband  wagon. 

They  promptly  appeared  on  the  scene, 
confiscated  the  wagon,  and  the  morning 
paper  went  into  a  journalistic  orgy  about 
uncovering  the  city's  "greatest  illegal 
cache." 

A  short  time  after  the  bulldog  edition 
appeared  on  the  streets,  I  called  the  sheriff. 
Identifying  myself,  I  demanded  to  know 
why  the  wagon  had  been  seized.  I  explained 
the  boxes  (empty,  of  course)  had  been 
destined  for  my  theatre  as  a  lobby  display. 

When  the  opposition  afternoon  paper 
discovered  the  hoax,  they  romped  all  over 
their  front  page  jibing  the  morning  sheet 
and  reprinting  the  picture  of  the  wagon 
load  of  empty  boxes  labelled  "Wine."  This 


time  the  picture  showed  the  load  with  all 
the  tarpaulin  taken  off. 
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Result:   Standing  room   only  during  the 
engagement  of  six  weeks. 


Screeno  or  Showmanship 


Th; 


These  are  pages  from  yesteryear, 
was  showmanship. 

I  could  go  on  at  length  reminiscing, 
recalling  the  legendary  exploits  of  master 
showmen  such  as  the  late  Harry  Reichen- 
bach,  but  I'm  sure  you  get  the  point. 

Today,  all  an  exhibitor  has  to  do  to  be  a 
showman  is  to  open  his  doors  and  get  the 


H out  of  the  way. 

This,   we  know,  can't  last. 

A  short  time  ago,  these  same  exhibitors 
were  frantically  trying  to  lure  people  into 
their  empty  theatres  with  Bank  Nites, 
Dishes  and  Screeno. 

Who  knows,  maybe  in  the  very  near 
future,  we  may  again  have  to  face  the 
decision: 

Screeno  or  showmanship? 

But  I  hope  we  don't.  If  we  do,  I  hope 
this  time  the  industry  reverts  back  to  good 
old  showmanship. 


THEATRE  ACCOUNTINi; 


That  T>epreciation  Item 

Wow  and  Why  It  Concerns  You 

By  JOHN  BULLERS 


Many  of  our  best  theatres  and  theatre 
chains  have  set  up  a  depreciation  fund. 
There  must  be  a  good  reason  for  such  a 
fund,  and  there  is — several  of  them,  in  fact. 

The  depreciation  fund  serves  a  useful 
purpose  both  in  the  present  and  in  the  fu- 
ture. Let  us  look  first  at  the  future,  for 
that  is  where  most  of  us  have  our  gaze 
directed  today. 

First  of  all,  one  must  set  up  a  proper 
period  of  depreciation.  This  may  be  done 
on  the  basis  of  a  good  depreciation  table 
and  on  one's  own  experience,  as  well  as  by 
consulting  the  manufacturer  and  the  thea- 
tre supply  dealer.  If  we  find,  for  instance, 
that  a  certain  piece  of  theatre  equipment 
has  a  normal  life  expectancy  of  ten  years, 


we  simply  allocate  ten  percent  of  its  cost 
for  each  year. 

I  am  not  trying  to  give  you  an  elementary 
lesson  in  depreciation.  What  I  am  trying 
to  point  out  is  that  at  the  end  of  ten  years 
your  piece  of  equipment  will  probably  be 
worn  out  and  must  be  replaced.  Now,  dur- 
ing those  intervening  ten  years  you  will 
have  had  some  cycles  of  good  business  and 
some  of  bad  business.  Suppose  you  have  set 
aside  no  funds  for  depreciation,  and  at  the 
end  of  those  ten  years  you  find  that  times 
are  pretty  tough.  The  result  may  well  be 
that  you  cannot  afford  new  equipment  and 
so  must  attempt  to  patch  up  what  you 
line.  When  this  happens,  your  picture  pres- 
entation suffers,  and  your  patrons  begin  to 
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walk  one  block  or  several  blocks  further 
to  the  next  house  when  they  want  to  go  to 
the  movies. 

Suppose,  on  the  other  hand,  you  have 
been  farsighted  enough  to  set  up  a  de- 
preciation fund,  and  every  year  have  set 
aside  the  proper  percentage  for  each  piece 
of  equipment  in  your  theatre.  Then,  when 
something  wears  out,  you  have  the  money 
on  hand  to  purchase  new  equipment.  This 
wise  provision  for  the  future  is  simply 
good  business,  and  helps  to  explain  why 
some  theatres  prove  a  good  investment  and 
others  go  broke. 

Deductions  on  Income  Tax 

The  other  main  reason  for  watching  de- 
preciation is  the  income  tax.  The  income 
tax  laws,  in  spite  of  the  fact  that  they  may 
be  confusing  to  a  great  many  persons,  are 
very  specific  in  what  is  to  be  taxed  and 
what  is  exempted.  Countless  men  and  wo- 
men pay  more  income  tax  than  they  should 
because  they  do  not  understand  the  de- 
ductions to  which  they  are  entitled.  There 
is  nothing  illegal  or  unpatriotic  in  taking 
all  of  the  deductions  to  which  you  have  a 
just  claim.  The  government  says  that  you 
have  every  right  to  do  so,  and  the  income 
tax  man  will  not  come  chasing  after  you 
at  a  later  date. 

One  of  these  legal  deductions  is  de- 
preciation on  equipment.  When  a  shrewd 
business  man  calculates  his  annual  income 
taxes,  he  deducts  from  his  profits  an  amount 
equal  to  the  annual  depreciation  of  the 
equipment  installed  in  his  place  of  business. 

Strangely  enough,  some  theatre  owners 
have  failed  to  make  this  legal  charge 
against  their  gross  profits,  and  consequently 
have  been  paying  more  taxes  than  they 
should  have.  Unquestionably,  such  exhibi- 
tors should  consult  their  accountants  so 
that  this  important  deduction  may  be 
made  on  their  next  tax  return. 

To  assist  theatre  owners  in  determining 
what  percentage  of  the  cost  of  their  theatre 
equipment   may   be   charged   off   annually, 


we  are  publishing  a  list  of  theatre  equip- 
ment and  supplies,  indicating  the  years  of 
life  which  may  reasonably  be  expected 
from  each  item.  For  example,  a  sound  sys- 
tem should  be  good  for  ten  years  of  use, 
so  that  one-tenth  of  the  original  cost  of 
the  sound  system  may  be  deducted  from 
the  gross  profits  each  year  over  a  period 
of  ten  years. 

Property  Depreciation  Tables 

The  following  figures  show  the  average 
useful  life  in  years  of  nearly  all  items  of 
theatre  equipment  and  supplies.  They  are 
compiled  from  information  received  from 
reliable  sources,  and  may  be  safely  used 
for  depreciation  reserve  fund  purposes  and 
for  income  tax  deductions. 

I.  Theatre  Equipment 

Cabinets — record  and  film 15 

Carpets    8 

Choppers,    ticket    10 

Counterweight  systems    20 

Counting  machines    10 

Curtains: 

Asbestos  or  steel    3  3 

Machine   automatic    20 

Stage    8 

Decorations,  painted  mural,  etc 12 

Dimmers,  stage  and  studio 8 

Draperies     8 

Elevators     20 

Fans,  exhaust   and  ventilating    15 

Furniture,  lobby  and  foyer    15 

Lights,   stage,   Kleig,   etc 20 

Linoleum   and   rubber  flooring    10 

Mats,  rubber  and  linoleum    10 

Mirrors     20 

Phone  system  interhouse    10 

Projectors: 

Slide    15 

Motion    picture     10 

Registers,  ticket 10 

Rewinders,  film    15 

Scenery,  stage 3 

Seats    20 
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Signal   systems    15 

Splicers,    film     15 

Sound  equipment    10 

Stereopticons 15 

Generators     15 

II.  Building  and  Equipment 

Air  conditioning  systems: 

Large — over  20  tons 20 

Medium — 5   to  1 5   tons    15 

Small — under  5   tons 10 

Ammeters 15 

Clocks     15 

Compressors,  air  and  vacuum 20 

Electric  clock  systems   20 

Fire    equipment    2  5 

Heaters,  electric    10 

Heaters,    gas     15 

Heating  systems: 

Boilers  and  furnaces 20 

Burner  equipment 

Gas    16 

Oil     10 

Radiators 2  5 

Lighting  systems: 

Wiring    20 

Fixtures     15 

Miscellaneous  facilities: 

Awnings    5 

Doors,  louvre,  ventilating 15 

Incinerators     14 

Screens,  windows    10 

Shades    5 

Venetian  blinds 8 

Plumbing: 

Faucets,  flushing  valves   15 

Fixtures     2  5 

Pipes    25 

Valves     20 

Pumps 13 


Roofs: 

Asbestos    2  5 

Asphalt  and  tar,  prepared    15 

Galvanized  iron — 

Light  or  cold  dipped    15 

Heavy  or  hot  dipped    20 

Tar  and  gravel,  5  ply   20 

Tarred  felt    10 

Starters,    electric     20 

Switchboards,  electric    2  5 

Telephone   equipment     20 

Tools,  small,  miscellaneous    5 

Transformers    2  5 

III.  Office  Equipment 

Adding  machines    10 

Addressing,    mailing    machines 15 

Binder, loose-leaf      20 

Cabinets  and  files 15 

Calculators    10 

Call  system  and  annunciators    14 

Chairs,  heavy    10 

Check  writers 8 

Cleaners,  electric  vacuum    6 

Clocks,  time 15 

Coolers,  water 10 

Desks     20 

Dictation  machines    6 

Duplicating  machines 10 

Fans,  electric    10 

Lamps,  desk  and  floor 10 

Linoleum     10 

Lockers    2  5 

Mirrors     20 

Racks  and  stands    15 

Rugs,  carpets  and  mats   10 

Safes  and  vaults   50 

Shades,  window    10 

Signs,  board    10 

Typewriters     5 
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Theatre  Seating 

YSeauty  and  Comfort  in  Modern  Chairs 


By  B.  F.  SHEARER 

President,  B.  F.  Shearer  Company 


Good  seating,  like  good  projection  and 
good  sound,  is  one  of  the  three  imperatives 
for  the  successful  operation  of  any  theatre. 
These  major  items  have  come  to  be  looked 
upon  as  a  group  almost  inseparable  in  their 
importance. 


In  this  article  we  will  talk  about  chairs 
and  their  relative  importance  to  any  theatre. 

The  public  attends  the  theatre  for  relax- 
ation, and  it  certainly  cannot  relax  by  sit- 
ting in  an  incorrectly  engineered  and 
poorly  constructed  theatre  chair. 


Well  constructed  and  comfortable  theatre  chairs 
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H  /.hit  Makes  for  Comfort 

Let  us  consider  what  must  be  attained 
to  have  real  comfort  in  a  theatre  chair 
Each  part  must  in  itself  be  carefully  and 
properly  constructed  in  accordance  with  a 
design  which  is  correct  in  the  first  place. 
The  use  of  springs  or  rubber  and  fine  fillers 
in  the  seats  and  backs  contribute  to  a  Laree 
extent  in  gaining  softness  and  support.  No 
less    important    is    the    relationship    of    the 


arrange  the  seating  plan  so  that  the  chairs 
will  be  uniform  in  measurement  from  back 
to  back;  as  well  as  width  of  cushions.  They 
will  give  you  the  correct  pitch  for  the  floor 
for  your  particular  auditorium.  Installation 
of  chairs  is  also  an  important  item,  and 
when  done  properly  the  chairs  will  remain 
tight  for  years.  In  these  days  of  double 
features,  chairs  more  than  ever  add  or  de- 
tract from  the  seating  comfort  of  your 
patrons. 


Semicircular  seating  arrangement  in  the  huge  Music  Hall  of  Purdue  University 


back  to  the  seat  to  attain  correct  sitting 
posture.  The  seat  must  be  the  proper  height 
from  the  floor  and  the  proper  pitch,  taking 
into  consideration  the  incline  of  the  floor. 

Seating  engineers  are  constantly  consid- 
ering these  varying  conditions  when  they 
begin  the  layout  or  preliminary  on  any  job 
of  chairs  preceding  manufacture. 

Most  reputable  seating  manufacturers 
have  seating  lay-out  engineers  who  are 
qualified  in  making  layouts  to  take  advan- 
tage of  all  seating  space  and  have  each  chair 
placed  in  a  perfect  sight  line.  They  will  also 


Design  and  Appearance 

Next  in  importance  is  design  and  ap- 
pearance. When  one  compares  the  chairs 
of  years  ago  with  the  last  models  made,  it 
reminds  one  of  the  change  that  occurred 
over  the  same  era  in  the  automotive 
industry. 

Nearly  all  of  the  principal  manufac- 
turers of  theatre  seating  produced  one  or 
more  new  models  of  chairs  after  the  war. 
In  most  cases  these  new  models  exhibited 
some   rather  striking  developments  in  de- 
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sign  and  construction. 

Perhaps  the  most  significant  factor  was 
that  of  seats  which  largely  eliminated  the 
inconvenience  both  to  the  person  trying  to 
reach  or  leave  a  center  seat  and  to  those 
persons    who    were    seated.      With    certain 


Fabrics  available  for  upholstering  chairs 
are  unbelievably  improved,  particularly 
from  the  standpoint  of  wearing  quality. 

The  designers  of  these  materials  have 
most  interesting  developments  to  enhance 
the  eye  appeal  of  the  fabrics. 


Seating  arrangement  of  the  Bard  Theatre,  Louisville,   Ky. 


models  it  is  possible  to  remain  seated,  while 
in  other  types,  the  seat  inclines  upward, 
and  resumes  its  normal  position  automatic- 
ally when  the  person  seats  himself. 

Many  types  of  new  chairs  provide  for 
the  scat  being  automatically  raised  when 
the  chair  is  unoccupied.  This  feature  af- 
fords easier  access  between  the  rows  of 
seats,  lessens  fire  hazards,  and  simplifies  the 
work   of   the   cleaning   staff. 

There  has  been  considerable  study  of 
normal  seating  postures,  and  most  of  the 
newer  models  offer  an  improved  design  in- 
tended to  afford  a  greater  degree  of  com- 
fort to  the  patron. 


Improved  Construction 

Not  only  is  the  chair  manufacturer  taking 
advantage  of  the  many  new  coverings,  but 
much  has  been  done  regarding  other  com- 
ponent parts  of  the  chair.  New  metals  and 
design  of  hinges,  constructed  for  longer 
wear  and  trouble  free  operation;  new  spring 
wire  that  will  add  to  the  resiliency  of  the 
cushion;  as  well  as  new  synthetic  rubber. 
Cotton,  palm  fibre  and  sisal  have  all  been 
improved    through    government    research. 

The  two  high  points  in  theatre  chair  con- 
struction so  far  considered  have  been  com- 
fort and  beauty.  Neither  of  these  attributes 
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would  mean  very  much,  however,  without 
durability.  Theatre  chairs  are  not  replaced 
every  two  or  three  years,  but  are  bought  to 
give  many  years  of  service.  The  mechanical 
construction  and  performance  of  the  chairs, 
as  well  as  the  use  of  good  materials,  deter- 
mine the  length  of  the  period  of  service 
that  a  chair  may  be  expected  to  give. 

Theatre  seating  also  plays  a  large  part  in 
auditorium  acoustics.  Heavily  upholstered 
chairs  have,  in  a  large  measure,  the  same 
absorptive  qualities  as  if  the  chairs  were 
occupied.  If  a  theatre  has  a  small  audience, 
the  sound  therefore  will  be  practically  the 


same  as  if  the  theatre  were  full.  Velour, 
mohair  and  soft  fabrics  have  of  course 
more  absorptive  qualities  than  hard  wood 
or  leather  coverings. 

Know  Your  Source  of  Supply 

Your  theatre  equipment  dealer  has  sam- 
ples of  construction  and  fabrics,  as  well  as 
a  manufacturing  knowledge  of  theatre 
chairs,  and  will  be  in  a  position  to  solve 
your  seating  problems.  We  suggest  that 
you  talk  over  problems  with  your  theatre 
equipment  dealer  from  time  to  time. 


The  Kleinhans  Music  Hall  in  Buffalo,  N.  Y, 
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Theatre  Carpet 


And  Mow  to  Choose  It 


By  GERALD  F.  McGIMSEY 

Manager,  Contract  Carpet  Division,  A.  &  M.  Karagheusian,  Inc. 


What  are  the  points  to  look  for  in 
choosing  theatre  carpet? 

First,  there  is  the  question  of  fabric. 

Remember  that  every  quality  of  carpet 
is  created  to  give  a  particular  kind  of  ser- 
vice. It  is  for  you  to  decide  which  type 
of  service  you  want  to  buy. 

It  is  important  to  realize  this,  because 
many  buyers  in  making  their  choice  see 
nothing  but  the  initial  price.  It  is  only 
when  you  know  the  service  a  fabric  gives 
over  the  years  that  you  can  judge  whether 
you  are  making  the  best  buy.  In  a  sense,  the 
real  cost  of  a  carpet  is  not  apparent  until 
the  end  of  its  service — then  you  know  posi- 
tively its  cost-per-year,  and  the  quality  of 
its  appearance.  As  you  cannot  wait  that 
long  to  judge,  the  next  best  thing  is  to  be 
guided  by  the  experts  of  an  experienced 
and  reputable  establishment. 

Types  of  Weaves 

You  will  probably  choose  your  carpet  from 
the  four  types  of  weaves  generally  supplied 
for  theatre  use:  Wilton,  Velvet  Broad- 
loom,  Axminster  and  Printed  Velvet.  Brief- 
ly, they  have  the  following  characteristics: 
Wilton  Carpets.  Very  firmly  and  com- 
pactly woven,  with  "hidden  yarns"  below 


thesurface  that  give  it  great  durability.  Wil- 
ton weaves  retain  their  fresh  appearance 
evenly  throughout  their  life.     The  pattern 


A  Wilton  tone-on-tones — Mayfair  Theatre, 
Ventura,  California 
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stands  out  with  especial  clearness  and  pre- 
cision. Qualities  may  vary  from  medium  to 
ultra-heavy.  The  Wilton  weave  is  usually 
selected  by  the  better  houses.  Measured  by 
cost-per-year  standards,  it  is  often  cheaper 
in  the  long  run  than  lower  priced  weaves. 
Velvet  Broadlooms.  Similar  construc- 
tion to  Wiltons,  but  without  the  "hidden 
yarns."  Velvet  Broadloom  is  the  weave  in 
which  most  plain  shade  carpets  are  made. 
You  find  them  usually  in  neighborhood 
houses  that  want  to  provide  an  intimate 
atmosphere. 

Figured  Velvet  Carpets.  These  may 
be  either  stenciled  or  drum-printed.  In  the 
first  case,  the  pattern  is  printed  directly  on 


a  plain  fabric.  This  type  is  not  often  seen 
in  theatres.  In  the  second,  the  colors  are 
applied  to  the  yarns  on  a  large  drum,  then 
woven.  Owing  to  this  fact,  you  do  not  find 
the  precision  of  pattern  outline,  nor  the 
deep  rich  glowing  colors  which  you  get  in 
Wiltons  or  Axminsters,  where  the  yarns 
are  immersed  in  the  dye.  If  the  quality  of 
appearance  is  less  important,  you  may  find 
this  type  of  fabric  not  without  merit.  It  is 
often  found  in  less  expensive  houses. 

Axminster  Weaves.  This  weave  per- 
mits a  large  variety  of  colors  in  the  design. 
Its  heavier  grades  give  excellent  perform- 
ance. It  is  also  sometimes  used  in  less  ex- 
pensive   grades,    which    give    good    service 


A  Wilton  weave  in  a  pattern  that  is  colorful  and  striking,  yet  in  perfect  good  taste 
— the  Hawaii  Theatre,  Los  Angeles,  Calif. 
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where  traffic  is  not  too  heavy.  One  of  its 
handicaps  is  that  it  is  not  as  suitable  as 
Wiltons  or  Velvet  Broadlooms  on  stair- 
ways. Generally  speaking,  Axminsters  are 
not  extensively  used  in  theatre  work. 

In  considering  fabric,  it  is  important  to 
remember  that  no  carpet  can  be  better 
than  the  wool  it  is  made  of.     As  a  layman, 


Style  Creates  Atmosphere 

Next  to  fabric  comes  the  question  of 
style.  More  than  ever,  theatre  owners  are 
conscious  of  the  fact  that  a  theatre  stands 
out  by  reason  of  its  own  particular  atmos- 
phere. When  the  same  film  can  be  booked 
by  a  number  of  houses,  the  feature  which 
will  bring  in  the  public  is  the  charm  of  the 


The  Main  Street  Playhouse,   Kew  Gardens,  L.  I.,  N.  Y.,   in  which  the  carpet  forms 
the    most    important    decorative     area,    and    achieves    an    intimate    yet    rich    effect. 


you  may  not  be  able  to  judge  quality  of 
the  wool  itself,  but  if  you  buy  from  one  of 
the  leading  manufacturers,  you  can  depend 
on  their  blend  of  wool  having  been 
decided  on  as  the  result  of  a  long  experi- 
ence which  they  stand  back  of.  Each  type 
of  wool  has  its  own  features.  Some  are 
famous  for  "burst,"  the  capacity  for  cover- 
age— some  for  lustre — some  for  their  sheer 
ability  to  take  punishment.  To  combine 
these  so  as  to  get  the  finest  results  is  the 
aim  of  the  manufacturer  who  takes  a  pride 
in  his  merchandise. 


establishment.  In  this  respect,  the  carpet- 
ing has  a  very  important  contribution  to 
make.  It  is  one  of  the  most  important  ele- 
ments in  the  decorative  scheme. 

Your  supply  house,  which  specializes  in 
theatre  carpet,  can  offer  you  a  wide  range 
of  handsome  designs.  More  than  that,  it 
can  recolor  any  one  of  them  to  suit  your 
particular  scheme  of  decoration.  And  even 
more  than  that — if  the  yardage  warrants, 
it  will  prepare  for  you  a  special  design  to 
give  your  theatre  an  exclusive  character. 

What  is  the  style  trend  of  todav?     Gen- 
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The  world's  largest  theatre,  Radio  City  Music  Hall  of  New  York  City,  is  particularly 
proud  of  its  carpet — a  high  pile  Wilton. 


erally  speaking,  carpet  for  a  theatre  leans 
toward  fantasy.  Twenty  years  ago  this 
found  expression  in  designs  that  were  as 
loud  as  a   brass  band.     Demand  called  for 


large  motifs  with  sharply  contrasted  bold 
colors.  Today,  while  not  forgetting  the 
importance  of  creating  a  dramatic  atmos- 
phere,  quieter   effects   are   in    vogue.      The 
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sharp  black  lines  which  occurred  so  fre- 
quently in  the  old  theatre  carpets  have 
given  way  to  softer  colors  in  tone.  There 
is  a  greater  refinement  in  the  juxtaposition 
of  the  colors  themselves. 

In  some  cases,  there  are  signs  of  an  even 
more  subdued  type  of  carpeting.  As  the 
neighborhood  theatres  have  grown  in  num- 
ber, they  have  developed  a  character  of 
their  own.  They  no  longer  seek  to  com- 
pete with  the  spectacular  interiors  of  the 
super-theatres.  They  aim  at  an  atmosphere 
that  is  more  intimate,  sometimes  suggest- 
ing a  wealthy  private  home.  It  is  here  that 


you  will  find  tone-on-tone  patterns,  and 
even  plain  shade  broadlooms.  The  object 
is  to  make  people  feel  cosy  and  relaxed 
rather  than  overwhelmed  by  circus  effects. 
Just  what  direction  theatre  decoration 
will  take  remains  to  be  seen.  New  devel- 
opments are  forecast  in  the  field  of  light- 
ing, and  these  will  no  doubt  have  their 
influence  on  the  type  of  carpet  that  is 
called  for.  Walls  and  textures  are  likely 
to  be  more  plain,  and  the  lighting  will  be 
designed  to  bring  out  its  own  beauty  and 
certain  accented  areas. 


The  Community  Theatre,  Morristown,  N.  J.,  has  chosen  a  Plain  Shade  Broadloom, 
creating  a  restrained  atmosphere  like  that  of  a  wealthy  country  home 


372  SOUND  TRACK  THEATRE  BOOK 

DRAPERIES 

Dras  Up  ^With  T>raperies 

They  Make  for  Attractive  Theatres 


It  is  surprising  to  find  the  great  im- 
provement that  may  be  made  at  very  noivi- 
nal  cost,  simply  by  the  installation  of  a 
few  draperies.  There  is  nothing  that  can 
change  the  general  appearance  of  a  theatre 
and  brighten  it  up  more  than  draperies. 

There  is  much  to  be  said  on  how  to  buy 
draperies — we  can  only  touch  on  the  hi^h 
spots  here,  and  give  a  few  suggestions  that 
we  have  learned  in  the  course  of  our  long 
experience. 

Three  Types  of  Draperies 

There  are  three  distinct  types  of  theatre 
draperies:  for  house,  wall  and  stage  use. 

House  draperies  consist  of — box  office 
drapes;  the  entrance  doors,  which  are  usu- 
ally glass  panels;  the  aisle  entries;  standee 
rails;  the  restroom  entrances  and  windows; 
the  exits  and  the  wing  walls.  House  draper- 
ies in  general  are  made  of  velours,  dam- 
asks, monk's  cloth  and  repp,  while  for  glass 
panel  doors  we  use  casement  cloths,  satins 
or  other  lightweight  unlined  material. 
House  draperies  may  be  either  of  cotton  or 
rayon  velour.  Heavy  damasks  and  tapes- 
tries are  also  used  to  some  extent,  but  as  a 
rule,  cotton  velour  in  most  cases  should 
be  favored.  Their  wearing  qualities  are 
better  than  rayon,  and  this  fact  is  impor- 


tant, since  draperies  are  used  or  handled 
a  great  deal.  Of  course,  rayon  type  velours 
are  much  more  decorative,  due  to  their 
high  lustre  or  sheen.  Either  of  the  velours, 
when  made  with  the  proper  fullness  and 
lined,  are  most  satisfactory. 

Care  should  be  taken  in  selecting  house 
drapes  as  to  color,  design  and  quality  of 
materials.  Colors  must  definitely  harmo- 
nize with  the  painting  and  decorative 
scheme,  as  well  as  the  carpet.  Designing 
must  carry  out  the  lines  of  the  architectural 
motif — either  in  straight,  festooned,  over- 
lap or  hard  valances — as  well  as  the  type 
of  curtain  or  legs  used  and  the  tie-backs. 

Standee  drapes  should  be  preferably  in- 
stalled on  tracks  for  ease  of  changing,  and 
in  some  instances,  for  keeping  out  light. 

The  quality  of  the  house  draperies  should 
be  selected  very  carefully.  All  house  drapes 
— except  boxomce  and  glass  door  types — 
should  be  lined  for  serviceability  and  fad- 
ing, and  should  be  made  with  100  percent 
fullness  for  the  beauty  that  the  fullness 
adds.  Be  sure  that  the  materials  selected 
will  dry  clean  satisfactorily,  as  house  drap- 
eries get  a  maximum  of  wear. 

Wall  Draperies 

Wall  draperies  are  used  in  many  thea- 
tres, either  for  the  complete  draping  of  the 
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walls,  the  balcony  face,  the  back  wall  and 
around  the  proscenium  opening — or  per- 
haps in  panels  only  on  the  side  walls. 
These  draperies  may  be  made  either  with 
from  5  0  to  1 00  percent  fullness,  or  stretched 
with  no  fullness.  They  are  usually  tacked 


Wall  draperies  have  many  definite  ad- 
vantages. They  are  decorative,  they  help 
the  sound,  they  save  painting,  and  in  new 
construction  many  times  even  save  plaster- 
ing as  well  as  painting.  In  old  theatres, 
wall  draperies  are  easily  installed  by  plac- 


An  attractive  employment  of  house  draperies,  with  festooned  valances  and  legs 


at  both  top  and  bottom  with  a  small  mould- 
ing nailed  over  the  tacking,  or  with  in- 
stallation sound  strips. 

These  wall  drapes  are  generally  made  of 
figured  damask  or  a  crash  material,  either 
of  cotton,  silk  or  rayon.  Care  should  be 
taken  when  no  fullness  is  employed  to 
avoid  a  material  that  has  a  high  reflective 
surface  when  stretched,  especially  at  points 
where  reflection  may  occur. 


ing  grounds  for  tacking  on  the  walls  where 
you  want  the  drapes  installed. 

Stage  Draperies 

In  stage  draperies,  there  are  two  definite 
ways  to  treat  your  stage — although  a  com- 
bination   of    both    may    also   be   employed. 

Most  theatres  want  a  stage  outfitted  for 
the  use  of  pictures  only.  A  few  wish  the 
chief  emphasis  placed  on  drapes  appropri- 
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ate  for  stage  productions,  while  others  may 
want  their  stage  arrangements  chiefly  for 
pictures,  but  with  some  consideration  made 
for  small  stage  productions. 

As  the  picture  policy  is  the  most  impor- 
tant, we  will  try  to  give  you  some  ideas 
along  these  lines. 


A    typical    stage    plan 

First — the  layout,  the  plan  and  the  ele- 
vation are  the  most  important  (see  draw- 
ings). It  is  necessary  that  you  have  enough 
draperies  to  fill  in  or  frame  your  picture 
presentation,  with  due  regard  to  side  angle 
seating  or  disturbing  the  sight  line  from 
the  projection  room. 

No  lofts  or  fly  room  are  provided  in  a 
great  many  of  our  present  theatres,  so  we 
are  forced  to  design  with  only  a  small 
amount  of  space  above  the  proscenium 
opening  or  hanging  space  for  draperies. 

An  Average  Stage  Set 

The  average  stage  set  consists  mainly  of 
a  grand  drapery,  which  is  usually  an  orna- 
mentative  festooned  or  hard  fixed  first  piece 
at  the  proscenium  opening  line,  backed  up 


possibly  with  the  same  or  with  a  different 
colored  material.  Then  there  are  two  small 
decorative  legs  at  the  proscenium  opening 
which  may  come  to  the  floor  or  drape  to  the 
side  of  the  opening.  This  set  is  usually 
made  from  a  highly  decorative  material  in 
a  bright  or  odd  color  and  in  contrast  to  the 
balance  of  the  stage,  using  rayon  velours 
and  at  times  colored  braids,  ropes  and  other 
ornaments.  This  set  is  more  or  less  per- 
manently fixed,  as  it  is  not  moved  for 
either  stage  or  picture  presentation. 

After  the  grand  drapery,  the  main  or 
front  close-in  curtain  works  as  a  traveler, 
and  usually  is  made  of  a  harmonizing  color 
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velour  to  go  with  the  grand  drapery.  This 
close-in  may  even  work  in  back  of  a  pair 
of  legs  and  the  first  border,  if  the  stage 
is  deep  enough  so  that  announcements  may 
be  made  from  the  stage  by  entering  from 
the  first  entrance. 

In  following  the  close-in,  it  is  necessary 
to  frame  the  stage,  both  from  the  sides  of 
the  picture  sight  angles  with  legs,  and 
from  the  top  with  borders.  These  angles  and 
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Stage  draperies  of  the  Paramount  Theatre,  Atlanta,  Ga.,  showing  proper 
arrangement  and  fullness 


sizes  arc  determined  for  the  legs  from  the 
side  wall  seats,  and  for  the  borders  from 
the  front  row  of  seats  so  as  not  to  interfere 
with  the  picture,  the  legs  gradually  work- 
ing in  to  the  picture  size  in  use.  Materials 
used  for  this  set  are  various — cotton  and 
rayon  velours,  damasks,  repp  cloths,  tapes- 
tries, satins  or  any  material  to  fit  the  deco- 


rative scheme  and  the  pocketbook.  Care 
should  be  taken  not  to  select  highly  reflec- 
tive or  light  colored  materials  too  close  to 
the  screen,  as  the  focal  point  is  always  the 
screen  and  nothing  must  detract  from  the 
picture. 

After  this  set,  the  screen  close-in  is  used, 
usually  immediately  in  front  of  the  screen, 
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Stage   draperies   designed   to   harmonize   with   the   decorative   scheme — State   Theatre, 

Richmond,    Ind. 


and  working  as  a  traveler.  It  should  be 
made  of  flashy  satin  or  damask,  as  this  cur- 
tain may  be  used  for  opening  titles  and 
for  closings  of  regular  performances. 

Fullness  Enhances  Appearance 

With  reference  to  fullness  of  materials 
used,  as  well  as  linings,  this  depends  en- 
tirely on  what  your  budget  may  allow.  The 
front  set  should  never  be  less  than  100  per 
cent  fullness.  Your  borders  and  legs  or 
your  Cyc  set  should  have  at  least  5  0  per- 
cent fullness,  if  not  more,  and  your  close-in 
should  be  at  least  75  percent  in  fullness — 
and  looks  much  better  if  100  percent  is 
used.  Linings  add  to  the  richness  of  drap- 
eries and  prolong  their  life  to  a  great  extent. 


In  screen  masking,  always  try  to  use  a 
deep  black  cotton  velour,  and  after  you 
have  set  the  sizes  of  the  masking  frame, 
place  the  velour  just  slightly  into  the  pic- 
ture. This  will  give  the  picture  a  depth 
that  cannot  be  obtained  by  using  black 
sateen,  or  by  leaving  a  slight  space  between 
the  picture  and  the  masking. 

Curtain  controls  can  be  used  to  definite 
advantage  in  many  theatres  on  either  or 
both  of  the  close-ins,  as  they  may  be  oper- 
ated by  push  button  controls  from  the 
projection  room. 

Draperies  can  and  will  give  you  that 
extra  added  dressed  up  and  decorative 
appearance  that  cannot  be  obtained  other- 
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Development  of  Theatre  B/llhig  Equipment 


The  picture  theatre  business  has  come 
a  long  way  since  the  days  when  exhibitors 
had  to  also  be  sign  writers.  In  those  early 
and  glamorous  days  of  nickelodeon  oper- 
ation, hand  lettered  posters  of  about 
3 -sheet  size  were  painted  in  garish  colors 
with  profuse  decoration.  These  posters 
could  not  be  made  up  until  the  show  was 
received,  which  was  usually  only  an  hour 
or  so  before  opening.  Poster  paper  was 
purchased  in  rolls  and  after  using  enough 
rolls  exhibitors  became  quite  able  sign 
writers. 

If  the  title  piece  had  been  lost  from  the 
picture  it  also  fell  to  the  exhibitor  to  con- 
coct a  new  title,  and  since  he  was  without 
benefit  of  preview  or  press  book  his  brain- 
child was  sure  to  fall  into  the  class  of 
gross  misrepresentation. 

Lithographed  one-sheets,  three-sheets 
and  six-sheets  made  their  appearance  in 
due  time,  and  various  forms  of  accessories, 
star  photos,  llxl4's  and  stills  were  em- 
ployed long  before  the  more  spectacular 
type  of  billing  was  adopted.  This  was 
probably  due  to  the  fact  that  runs  were  of 
too  short  a  duration  to  invest  much  money 
in  displays,  and  once  prepared  and  used 
they  were  of  no  further  value.  Poster  ex- 
changes for  used  billing  were  to  come. 

Titles  of   current  attractions,  names  of 


stars  and  other  information  pertinent  to 
the  pictures  consequently  could  only  be 
ascertained  by  quite  close  inspection  of 
the  billing.  The  day  when  one  could  stand 
on  a  corner  in  the  theatrical  district  and 
determine  what  was  playing  at  all  of  a 
considerable  number  of  theatres  was  quite 


Glass  backgrounds  and  letters  are  adapta- 
ble  to   various   shaped   fronts 
(Bergen  Theatre,  New  York  City) 
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far  in  the  future. 

Electrically  illuminated  displays  em- 
ploying cutout  letters  with  exposed  lamps 
were  later  adopted  by  the  larger  theatres 
which  played  attractions  a  week.  But  their 
cost,  difficulty  in  handling,  and  frequent 
lack  of  suitable  marquee  ruled  them  out 
for  most  theatres. 

Stage  Set  for  Modern  Signs 

Thus  the  stage  was  set  for  acceptance 
of  the  changeable  letter  sign.  Early  ver- 
sions were  crude  and  sometimes  home- 
made, but  nevertheless  remarkably  effec- 
tive as  against  the  old  billing  devices. 

Changeable  letter  display  units  were  de- 
veloped and  their  use  became  universal. 
Even  the  smallest  theatres  soon  boasted  of 
this  new   arid  effective  method   of   calling 


attention  to  their  attractions.  Therein  was 
the  disadvantage,  for  most  marquee  billing 
soon  looked  alike.  To  give  change  of  pace 
to  the  appearance  of  this  changeable  copy, 
fonts  of  letters  in  a  variety  of  sizes  were 
produced  and  the  exhibitor  could  really 
go  to  town  in  writing  the  story  for  his 
front.  Emphasis  could  be  given  the  impor- 
tant feature,  be  it  title,  star,  author,  pro- 
ducer or  director,  and  still  leave  room  for 
mention  of  things  or  lesser  import,  or  bill- 
ing of  short  subjects.  Veritable  ads  could 
be  written   to  occupy  the  available  space. 

In  search  of  still  greater  effectiveness 
for  this  marquee  billing,  colored  lamps 
were  used  back  of  the  solid  opaque  letters 
and  helped  in  attaining  a  color  or  atmos- 
pheric mood. 


Chicago's  White  Way 
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Wagner  Develops  New  Idea 

As  one  of  the  foremost  advocates  of 
doing  a  real  advertising  job  at  the  point 
of  sale,  Erwin  Wagner,  head  of  the  Wag- 
ner Sign  Service,  Inc.,  Chicago,  came  for- 
ward with  the  next  development  in  mar- 


metal  and  wood  letters,  require  less  space 
for  storage,  and  are  easier  to  handle — a 
point  greatly  appreciated  by  anyone  who 
has  had  the  job  of  lugging  the  old  metal 
letters  up  and  down  stepladders  and  chang- 
ing billing  when  the  marquee  was  encrusted 
with  ice  and  snow. 
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Type  of  display  letter,  framed  in  metal 


quee     billing     equipment,     a     translucent 
plastic  changeable  letter. 

These  new  letters,  which  are  now  wide- 
ly adopted  by  theatres  as  effective  devices 
for  selling  a  show  out  front,  have  many 
advantages.  Though  strong  and  durable, 
they   are   lighter    than    the   old   style   solid 


Utilizing  the  light  which  shines  through 
them,  Wagner  letters  give  forth  the  color- 
ful brilliance  of  neon.  Available  in  fonts 
of  assorted  colors,  red,  green,  blue,  amber 
and  opaque  black,  from  76  letters  up,  two 
sizes  have  been  put  on  the  market,  4  inches 
and   10  inches. 
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Theatre  Air  Conditioning 

V roper  Regulation  of  Theatre  Atmospheres 


By  NASH  WEIL 

Vice  President,   Wil-Kin   Theatre  Supply,  Inc. 


A  good  air  conditioning  system  must 
perform  seven  functions.  In  winter  the 
system  must  heat,  humidify,  circulate,  filter 
and  ventilate;  in  summer,  it  must  cool,  de- 
humidify,  circulate,  filter  and  ventilate. 
These  functions  are  not  just  names — each 
of  them  provides  definite  and  necessary 
results. 

Heating  and  cooling  should  be  under 
thermostatic  control  so  that  occupants 
enjoy  true  comfort  with  no  need  for  con- 
tinued attention.  The  desired  temperature 
should  also  be  maintained  unformly  in  all 
parts  of  the  occupied  space.  Overcooling 
in  summer  is  unnecessary  to  provide  com- 
fort, and  should  be  avoided  to  prevent  un- 
due discomfort  on  entering  and  leaving. 

Eliminating  the  normal  extremely  low 
indoor  humidity  in  winter  by  controlled 
humidification  aids  the  membranes  of  the 
nose,  throat  and  lungs  to  function  nor- 
mally and  helps  guard  against  respiratory 
illness.  In  summer,  adequate  lowering  of 
humidity  indoors  is  vital  to  comfort.  Cool- 
ing without  moisture  removal  produces  a 
clammy  atmosphere  that  brings  a  greasy 
perspiration  to  the  skin. 

If  we  could  but  see  it,  a  rather  horrible 
collection  of  dust,  bacteria,  yeasts,  spores, 
and    other    foreign    particles    float    in    un- 


altered indoor  air.  Good  filters  remove 
most  of  these  particles  and  contribute  to 
a  more  healthful  and  comfortable  atmos- 
phere, besides  making  it  much  easier  to 
keep  the  air  conditioned  space  clean. 

Gentle  movement  of  the  air  indoors  helps 
prevent  uneven  temperature  distribution — 
chilly  at  the  floor  and  hot  at  the  ceiling 
in  winter.  In  summer  this  air  movement 
helps  carry  away  the  heat  given  off  by  the 
body.  Compared  with  still,  stagnant  air, 
air  that  is  in  motion  is  invigorating  and 
conducive  to  greater  comfort.  Objection- 
able drafts  are  quite  unnecessary  with  a 
properly  designed  system. 

Every  air  conditioning  system  should 
bring  in  a  required  amount  of  outdoor  fresh 
air  to  keep  the  building  under  pressure,  to 
keep  the  air  indoors  free  from  objectionable 
odors,  and  to  replenish  the  oxygen  supply. 

Major  Parts  of  System 

The  major  parts  of  an  air  conditioning 
system  are: 

(1)  The  duct  system  which  carries  the 
conditioned  air  to  properly  located  grilles 
or  registers  which  diffuse.  Ducts  also  carry 
recirculated  air  back  to  the  air  conditioner. 

(2)  An  air  conditioner  consisting  of  the 
proper  combination  of  filters,  heating  coils, 
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Principal  components  of  an  air  conditioning  system 


cooling  coils,   humidifier,   fans   and   motor. 

(3)  A  condensing  unit  to  send  refrig- 
erant to  the  cooling  coils  in  the  air  con- 
ditioner where  the  air  is  cooled  and  de- 
humidified. With  the  heat  absorbed  in  this 
process,  the  refrigerant  is  drawn  back  to 
the  condensing  unit  where  the  heat  is  ex- 
tracted. 

(4)  A  heat  source,  where  steam  or  hot 
water  is  supplied  to  the  heating  coils  in  the 
air  conditioner. 

(5)  Controls  for  protection  against  ab- 
normal conditions  and  for  maintaining  the 
desired  inside  conditions  with  maximum 
operating  economy. 

(6)  Piping,  wiring,  insulation  and  other 
items  of  installation  work. 

The  refrigeration  plant  of  an  air  condi- 


tioning system  may  consist  of  several  con- 
densing units.  By  operating  only  as  many 
as  are  needed,  higher  economy,  greater 
flexibility  with  varying  loads,  less  wear  per 
machine,  greater  reliability,  and  more  com- 
pletely automatic  operation  are  obtained. 

Operation  of  Air  Conditioner 

The  motor-driven  fan  draws  into  the  con- 
ditioner a  mixture  of  room  air  and  outdoor 
air  from  the  return  and  fresh  air  duct  sys- 
tem. Passing  through  filters  which  remove 
90  to  95  per  cent  of  the  dust  and  dirt,  the 
air  next  flows  over  the  cooling  coils,  which 
are  kept  cold  with  refrigerant  or  chilled  wa- 
ter. With  coil  surface  temperatures  ranging 
from  45  to  5  5  degrees,  depending  on  sys- 
tem design,  moisture  is  also  condensed  from 
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the  air  as  it  is  being  cooled. 

The  cleaned,  cooled  and  dehumidified  air 
is  then  delivered  to  the  supplv  duct  system 
by  the  fan  for  circulation  to  the  condi- 
tioned space. 

The  air  can  also  be  conditioned  in  win- 
ter by  including  steam  or  hot  water  heating 


into  liquid  form  by  water  running  through 
or  over  the  tubes  and  extracting  the  heat 
absorbed  in  the  cooling  coils.  The  pressure 
of  the  refrigerant  coming  from  the  com- 
pressor forces  liquid  refrigerant  to  flow 
from  the  bottom  of  the  condenser  through 
the  liquid  line  through  the  expansion  valve 


A  complete  refrigerated  air  conditioning  system  engineered  into  a  single  unit 


coils    and    a 
conditioner. 


humidifit 


tin 


same    air 


The  Condensing  Unit 

The  condensing  unit  is  the  heart  of  a 
summer  air  conditioning  system.  In  the 
cooling  coils  liquid  refrigerant  is  evapo- 
rated, absorbing  heat  from  the  warm  return 
air  passing  over  the  coils.  This  heat-laden 
refrigerant  vapor  is  drawn  into  the  motor- 
driven  compressor,  pumped  up  to  a  high 
pressure  and  temperature  and  forced  into 
the   condenser.    Here   it   is   condensed   back 


to  the  cooling  coil. 

Thus  the  heat  originally  extracted  from 
the  air  is  finally  transferred  to  the  con- 
denser cooling  water  and  carried  away  out- 
side the  building. 

If  properly  designed,  the  same  air  distri- 
bution system  can  be  used  for  both  winter 
and  summer  air  conditioning.  Heating  coils 
in  the  air  conditioner  are  supplied  with 
steam  or  hot  water  from  a  boiler  or  from 
the  main  heating  plant  of  the  building.  Pro- 
vision is  usually  made  to  temper  outdoor 
air    for    ventilation    either    with    the    main 
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heating  coil  or  a  separate  tempering  coil. 
A  small  amount  of  hot  water  is  admitted  to 
the  humidifier  by  an  automatically  con- 
ti oiled  valve. 

Indirect  Systems 

It  is  sometimes  necessary  or  desirable  to 


of  cooling  the  air.  This  water  may  be  used 
in  the  condenser  of  a  condensing  unit  con- 
nected to  refrigerant  coils  which  complete 
the  cooling  and  dchumidifying  of  the  air. 
Only  occasionally  are  conditions  such  that 
no  refrigeration  is  necessary  to  produce 
proper  humidity  reduction. 


Air  conditioning  system   with   outer  casing  removed 


use  refrigerated  water  in  the  cooling  coils 
of  an  air  conditioner  instead  of  refrigerant 
(as  in  the  case  of  large  multiple-zone  sys- 
tems). In  such  cases  the  condensing  unit 
is  connected  to  coils  in  a  water  cooler  to 
extract  heat  from  water.  The  cold  water 
is  then  pumped  to  the  coils  in  the  air  con- 
ditioner to  cool  and  dehumidify  the  air, 
and  the  water  is  returned  to  the  cooler  to 
be  re -cooled. 

If  an  adequate  supply  of  cold  well  water 
is  available,  it  can  be  pumped  through  coils 
in  the  air  conditioner  to  do  part  of  the  job 


Where  city  water  is  expensive  or  well 
water  not  economically  available,  a  cooling 
tower  and  pump  may  be  piped  to  the  con- 
denser of  the  condensing  unit,  and  the  pip- 
ing, condenser  and  cooling  tower  pan  filled 
with  water.  Controls  are  arranged  so  that 
whenever  the  condensing  unit  runs,  the 
pump  starts  and  forces  water  through  the 
condenser  to  the  sprays  in  the  cooling,  tower. 
Natural  movement  of  wind  through  the 
sprayscools  thewater  by  evaporating  a  small 
amount  which  is  compensated  for  by  sup- 
plying make-up  water  through  a  float  valve. 
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The  cooled  water  collects  in  the  tower  pan 
and  drains  down  to  the  pump  inlet. 

Forced  draft  towers  with  fans  to  blow  air 
through  the  sprays  are  also  used  when  the 
cooling  tower  cannot  be  exposed  to  natural 
outdoor  air  movement. 

Another  method  of  conserving  water  is 
to  use  an  evaporative  condenser  instead  of 
the  regular  water-cooled  condenser.  In  this 
case  the  hot  refrigerant  gas  from  the  com- 
pressor is  piped  directly  to  a  coil  in  the 
evaporative  condenser.  A  small  pump 
sprays  water  on  the  coil,  and  a  fan  blows 
over  it  to  condense  the  refrigerant  to  a 
liquid.  Some  of  the  water  is  evaporated,  and 
make-up  water  is  supplied  through  a  float 


valve.  The  condensed  liquid  refrigerant  is 
then  forced  to  the  expansion  valve  or  the 
ail   conditioner  by  the  compressor  pressure. 

Points  in  Buying 

In  buying  an  air  conditioning  system,  the 
following  points  should  be  considered: 

1.  Buy  equipment  with  low  electrical 
consumption.  Condensing  units  must  have 
highest  refrigerating  output  per  kilowatt  of 
electric  power  consumed;  fans  must  use 
minimum  power  for  required  air  flows  and 
pressures;  efficient  motors  must  be  used. 

2.  Buy  equipment  with  low  water  con- 
sumption. This  means  condensing  units 
which  inherently  use  less  water  per  unit  of 


Moisture  con- 
densed from  air 
by    cooling    coil 


is    dr. 
sewer. 


ul    /< 


Cold  evaporated  re- 
frigeranl   gas   carrying 

heat  absorbed  from 
is  drawn  from  cooling 
toil    by   compressor 
suction. 

Water  from  city  mains 
or  cooling  tower  en- 
ters condenser  to  cool 
and  condense  hot  re- 
frigerant coming  from 
compressor. 


Cooling  coil  receives  refrig- 
erant admitted  by  expansion 
valte.  Refrigerant  is  "boiled" 
at  Ion  temperature  b\  warm 
air  passing  over  coil.  Low 
temperature  is  maintained  by 
suction  of  compressor. 


Warmed  water 
carryingheat  tak- 
en from  refrig- 
erant leaves  con- 
denser and  flows 
to  seuer  or 
cooling  tower. 


"Liquid  refrigerant  flows  from 
condenser  through  expansion 
valve  into  cooling  coil  due 
to  pressure  created  by  com- 
ressor. 


Compressor  raises  re- 
frigerant vapor  drawn 
from  cooling  coil  to 
high  temperature  and 
pressure.  Hot  refriger- 
ant gas  is  forced  into 
condenser  where  it 
flows  over  tubes  carry- 
ing running  uater. 
This  cools  and  con- 
denses refrigerant  to 
liquid  form — ready  to 
start  another  trip  to 
cooling  coil  for  more 
heat. 


How   the    condensing   unit    functions 
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refrigerating  output;  it  may  mean  using  a 
cooling  tower  or  evaporative  condenser  to 
conserve  water;  and  it  means  using  con- 
densers which  can  easily  be  kept  clean  to 
maintain  power  and  water  consumption  at 
a  minimum. 


to  keep  fan  power  requirements  to  a  min- 
imum. 

5.  Consider  the  cooling  load.  Make  sure 
that  the  system  you  buy  is  designed  to  pro- 
duce the  proper  relation  between  tempera- 
ture reduction  and  moisture  removal.  Too 


Condensing  units  employed  in  a  theatre  air  conditioning  system 


3.  Bii)  a  pro  perl)  controlled  system.  Au- 
tomatic ventilation  control,  control  through 
the  use  of  multiple  condensing  units,  auto- 
matic regulation  of  indoor  temperature  in 
relation  to  outdoor  temperature  to  prevent 
over-cooling,  zone  controls  and  others  can 
reflect  substantial  operating  cost  savings 
and  more  than  pay  for  themselves. 

4.  Buy  a  well-designed  air  distribution 
system.  Ducts  should  be  of  ample  size,  with 
avoidance  of  unnecessarily  long  runs,  and 
should  be  properly  designed  mechanically, 


much  capacity  for  one  or  the  other  is  un- 
economical. Check  the  possible  use  of  awn- 
ings, Venetian  blinds,  insulation,  attic  ven- 
tilation, and  any  other  expedients  which 
may  reduce  the  cooling  load  and  save  on 
first  and  operating  cost. 

6.  Buy  high  quality  equipment  for  long 
life  and  low  maintenance  cost.  The  longer 
the  life  of  the  equipment,  the  lower  its  ul- 
timate cost.  Only  high  quality  products  will 
give  lasting  service  with  fewer  repairs, 
fewer  interruptions  of  service,  and  contin- 
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ued  efficient  operation. 
How  to  Bin  Equipment 

One  cannot  buy  needed  air  conditioning 
equipment  as  one  might  select  some  simple 


drafts. 

He  will  tell  you  that  it  is  important  to 
avoid  selection  of  equipment  that  is  too 
small  because  measures  taken  to  increase 
the  capacity  of  an  under-sized  installation 


Double  intake  blower  of  air  conditioning  system 


product.  It  is  necessary  that  a  system  be 
tailored  to  fit  the  particular  needs  of  the 
building  it  is  to  air  condition. 

Your  dealer  will  most  likely  spend  many 
hours  studying  your  premises  to  discover 
how  to  secure  harmonious  appearance,  how 
to  reduce  capacity  requirements  for  lower 
first  and  operating  costs,  and  how  to  ob- 
tain   quiet    operation    and    freedom    from 


seldom  result  in  first-class  performance. 
He  will  analyze  the  following  five  sources 

of  heat  and  moisture  which  constitute  the 

cooling  load: 

Heat   leakage   through  walls  and 
windows. 

Heat  from  the  sun. 
Heat    and    moisture    from    occu- 
pants. 
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Heat  and  moisture  from  ventila- 
tion air. 

Heat      from      lights,      appliances 
steam  pipes,  etc. 
As  several  of  these  vary  with  time  of  day, 
all  of  them  will  be  studied  for  possible  ex- 
pedients   to    reduce    their    magnitude    and 
hence  the  cost  of  the  installation. 

Reduction  of  indoor  humidity  through 
adequate  moisture  removal  is  the  most  im- 
portant function  of  summer  air  condition- 
ing. The  proportion  of  moisture  load  in  re- 
lation to  the  total  cooling  load  is  different 
for  each  installation  and  depends  upon  coil 
surface  temperature,  air  velocities  and  coil 
design.  Your  dealer  will  therefore  pre- 
cisely determine  the  proper  relations  of  all 
of  these  factors  for  your  particular  applica- 
tion so  that  your  air  conditioning  system 
will  prevent  that  sticky  humidification. 

Your  dealer  will  tell  you  that  the  circu- 
lation of  a  small  amount  of  air  may  save 
something  in  fan  and  duct  costs,  but  inade- 
quate air  movement  in  occupied  spaces  is 
almost  certain  to  result.  Small  air  flow  also 
requires  excessive  temperature  reduction  of 
the  air  in  the  conditioner  to  handle  the 
cooling  load,  with  resulting  danger  of 
drafts  and  inefficient  operation.  From  eight 
to  ten  "changes"  per  hour  represents  good 
practice,  though  considerable  variation  from 
this  range  may  be  permitted  in  specific 
cases.  Sufficient  outlets  should  be  provided 
toprevent concentrated  air  movement.  Ven- 
tilation air  from  outdoors  must  be  pro- 
vided mainly  for  odor  and  oxygen  control. 
In  theatres  with  heavy  occupancy,  the  ven- 
tilation air  should  range  from  10  to  3  0 
c.f.m.  per  occupant,  depending  on  the  prob- 
able amount  of  smoking  and  other  odor 
sources.  Skimping  on  ventilation  air  may 
cheapen  the  installation,  but  only  with 
proper  ventilation  can  a  pleasant  and  in- 
viting atmosphere  be  obtained. 

He  will  also  state  that  safety  and  limit 
controls  are,  of  course,  necessary  for  pro- 
tection against  external  abnormal  condi- 
tions such  as  power  or  water  failure.  Every 
good    air    conditioning    system    should    also 


have  complete  automatic  control  to  pro- 
vide greatest  operating  economy  and  best 
maintenance  of  air  conditions.  Automatic 
control  of  ventilation  air  and  automatic 
regulation  of  indoor  temperature  according 


Hydraulic    variable    speed    control    for 
blowers 


to  outdoor  conditions  helps  to  minimize  op- 
erating time  and  hence  saves  money.  An  ad- 
equate amount  of  automatic  control  equip- 
ment usually  pays  for  itself  and  saves  money 
besides.  Careful  tailoring  of  the  system  to 
the  required  loads,  adequate  but  not  ex- 
cessive air  flow,  expedients  to  reduce  cool- 
ing loads,  selection  of  water  conserving 
equipment  when  justified,  proper  design  of 
control  system,  arrangement  of  system   to 
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keep  duct  and  pipe  runs  as  short  as  pos- 
sible, all  result  from  competent  application 
engineering  and  keep  operating  costs  at  a 
minimum. 

Within  the  limitations  of  good  accessi- 
bility, the  careful  dealer  endeavors  to  make 
use  of  waste  space  for  equipment  locations. 
Where  such  space  is  not  available,  air  con- 
ditioners may  be  suspended  at  the  ceiling 
above  head  level  or  mounted  on  a  stand 
above  the  condensing  unit.  For  large  in- 
stallations it  is  highly  preferable  to  locate 
the  compressor  equipment  in  the  basement, 
but  other  equipment  may  be  located  in  a 
penthouse  on  the  roof  to  avoid  use  of  space 
in  the  building. 

Installation  of  Equipment 

To  insure  long  life  and  perfect  function- 


ing of  your  air  conditioning  system,  your 
dealer  will  give  you  good  sheet  metal,  elec- 
trical wiring,  insulation,  piping  and  build- 
ing construction  work. 

Proper  sizing  and  design  of  ducts,  iso- 
lation of  mechanical  sound  and  vibration 
by  use  of  flexible  connections  and  suitable 
foundations,  careful  selection  of  fan  sizes 
and  speeds,  and  application  of  soundproof- 
ing material  at  critical  points  should  all  be 
considered  in  the  design  of  air  condition- 
ing systems  to  give  quiet  operation  without 
appreciable  extra  cost. 

A  high  quality  duct  system  is  essential 
to  good  air  conditioning,  and  it  is  false 
economy  to  accept  inferior  ductwork  to 
gain  lower  first  cost.  Good  sheet  metal  does 
not  sag  or  distort;  there  are  no  air  leaks 
to  increase  operating  cost;  seams,  turns  and 


Air  washer  of  the  standard  nozzle  type 
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fittings  are  made  to  promote  smooth  air 
flow  and  guard  against  noise  and  excessive 
fan  power  consumption. 

High  quality  ducts  are  erected  in  ac- 
cordance with  the  recommendations  of  the 
American  Society  of  Heating  and  Venti- 
lating Engineers  and  will  save  money  in 
operating  cost,  present  good  appearance, 
contribute  to  safety  of  operation,  and  give 
lasting,  reliable  service. 

The  electrical  currents  pulsing  through 
the  power  and  control  wiring  give  life  to 
the  air  conditioning  system.  It  is  vital  that 
the  electrical  work  meet  the  highest  stand- 
ards of  quality  to  insure  reliable  operation, 
and  give  absolute  safety  throughout  the 
life  of  the  system. 

Insulation  of  roofs,  ducts  and  pipes  for 
economy  of  operation  and  to  prevent 
"sweating"  of  cold  surfaces  must  be  thor- 
oughly and  carefully  done.  Insulation  must 
not  be  omitted  just  to  save  in  first  cost. 

High  quality  piping  contributes  to  lower 
ultimate  cost  and  guards  against  refrig- 
erant leakage  and  damage  to  the  building. 
Skilled  workmanship  and  good  materials 
are  insurance  against  leaks  and  will  save 
money  in  operating  and  maintenance  costs. 
Good   appearance   is   also   characteristic    of 


good  piping. 

Openings  cut  in  walls  and  floors  for  the 
passage  of  ducts  and  pipes,  furring  of  ducts, 
foundations,  machinery  room  construction, 
reinforcing  and  other  construction  work 
must  be  done  by  competent  workmen  in 
keeping  with  the  original  structure  of  the 
building. 

A  competent  dealer  makes  a  thorough 
study  of  the  building  structure  and  the 
appearance  of  occupied  spaces  so  that  he 
may  arrange  the  ducts  that  can't  be  con- 
cealed and  distribution  outlets  to  harmonize 
with  the  interior.  Whenever  possible,  he  at- 
tempts to  achieve  symmetry  through  bal- 
ance design  and  regularly  spaced  grille  lo- 
cations. Generally  any  air  conditioning  sys- 
tem can  be  installed  so  that  it  will  not  de- 
tract from  the  attractiveness  of  an  interior 
if  concealed  or  furred  ducts  are  used. 

Reasons  for  Air  Conditioning 

An  air  conditioning  system  is  not  an  ac- 
cessory or  an  appendage  to  the  premises.  A 
properly  installed  system  becomes  a  perma- 
nent part  of  the  building,  designed  to  last 
for  many  years,  and  should  be  installed 
with  the  same  care  and  thoroughness  with 
which  the  building  itself  was  constructed. 
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Building  Maintenance 

Theatre  Neglect  Means  Costly  Repairs 

By  JAMES  T.  REDD 


The  proper  maintenance  of  buildings  is 
of  extreme  importance,  because  they  rep- 
resent a  large  capital  investment  and  pro- 
tect all  the  interior  equipment.  Proper 
care  of  buildings  requires  preventive  main- 
tenance. The  three  primary  principles  of 
good  building  maintenance  are:  (1)  an- 
ticipation of  trouble,  (2)  inspection  for 
damage,  (3)  immediate  repair  of  damage. 
Remember  that  with  buildings,  a  "stitch 
in  time  saves  nearer  90  than  9."  A  ne- 
glected five-dollar-repair  may  easily  mean 
a  several-hundred-dollar-expenditure  a  few 
months  later. 

Copings 

Coping  provides  a  finishing  cap  for  the 
top  surface  of  the  parapet  wall  and  serves 
two  purposes: 

1.  Protection  of  the  wall  structure 
against  moisture  absorption  from  rain  or 
melting  snow.  Absorbed  moisture  under 
various  temperature  changes  will  cause 
damaging  expansion  and  contraction  and 
will  dissolve  the  soluble  compounds  in  the 
mortar  and  brick.  Both  actions  greatly 
accelerate  the  disintegration  of  the  wall 
structure. 

2.  Decorative  trim. 

Coping  that  is  not  water-tight  docs  not 
properly  protect  the  wall  structure.  Mortar 
joints  of  tile,  stone  and  terra  cotta  copings 
and   soldered   joints  or   metal    coping   must 


be  checked  every  six  months  and  kept  in  a 
water-tight  condition.  Defective  concrete 
coping  should  be  repaired  immediately.  If 
it  is  found  to  be  loose  or  cracked,  or  if  the 
joints  are  not  properly  sealed,  immediate 
repairs  will  prevent  wall  structure  deterior- 
ation which  progresses  very  rapidly  once 
it  starts. 

Parapet   Walls 

A  parapet  wall  is  that  part  of  the  wall 
structure  which  extends  above  the  roof 
surface. 

When  inspecting  parapet  walls,  look  for 
cracks,  loose  mortar  and  disintegrated 
building  material.  Most  troubles  in  para- 
pet walls  come  from  defective  copings,  but 
the  walls  may  become  damaged  by  ex- 
treme temperature  conditions  because  they 
have  no  protection  from  the  weather  on 
either  side. 

Parapet  walls  should  be  structurally 
sound,  as  weak  ones  present  a  definite 
hazard  of  life  and  property  below  because 
they  may  fall  under  heavy  load  conditions 
from  wind,  snow,  and  sleet.  Inspect 
thoroughly  and  replace  bad  sections  if  it  is 
apparent  that  structural  weaknesses  have 
developed.  Small  cracks  and  open  mortar 
joints  may  be  satisfactorily  sealed  with 
cement,  mortar,  or  a  sealing  compound. 

Much  water  damage  to  the  interior  of 
theatres  is  caused  by  defective  copings  and 
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parapet  walls.  Water  will  seep  into  the 
wall  above  the  flashing,  flow  around  the 
edge  of  the  roof  and  into  the  interior  of 
the  building.  Leaks  generally  show  up  as 
wet  spots  on  the  side  walls  and  ceilings, 
and  can  result  in  expensive  plaster  damage 
and  rotting  of  decking  and  trusses. 

Flashing  and  Counter  Flashing 

The  flashing  and  counter  flashing  pro- 
vide a  water-tight  seal  between  the  roof 
covering  and  the  parapet  wall.  The  flash- 
ing is  formed  by  extending  each  layer  of 
the  roof  felt  up  along  the  parapet  wall. 
The  first  layer  is  border  to  the  wall  and 
succeeding  layers  are  cemented  together 
with  tar  or  asphalt. 

A  metal  strip  called  the  "Counter  flash- 
ing" is  embedded  in  the  wall  above  the  top 
of  flashing  and  bent  down  over  it  to  pre- 
vent water  from  seeping  between  the  flash- 
ing and  the  wall.  The  metal  counter  flash- 
ing also  protects  the  felt  flashing  against 
accidental  damage  from  shoes  or  tools. 

Many  roof  leaks  result  from  poor  or 
damaged  flashing  and  counter  flashing. 
Therefore,  these  parts  of  the  roof  should 
receive  the  most  critical  inspection.  Check 
flashing  for  breaks  in  the  felt,  ripped 
seams,  pocket  formation  and  loose  bond  be- 
tween felt  and  wall.  Check  counter  flash- 
ing for  rusting,  broken  seams,  holes  and 
loose  connection  to  wall. 

Care  of  Flashing  and  Counter  Flashing 
1.     Keep  roof   clean   to  prevent   damage 
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in  flashing. 

Repair  immediately  all  loose,  broken 

or  rusted   counter  flashing. 

Keep  felts  of  flashing  well  cemented 

together  and  to  wall. 

Keep  the  flashing  felt  covered  at  all 

times  with  asphalt  or  tar. 

Keep     metal     counter-flashing     well 

painted  and  sealed. 
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Types  of  Roofs 
1 


Built-up  asphalt. 
Tar  and  gravel. 

Locked-seam    soldered    tin. 
Standing-seam  tin. 
Tile. 


Built-Up  Asphalt  Roofs 

The  specifications  for  roofs  of  this  type 
generally  provide  for  a  certain   number  of 
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layers  of  felt  of  a  given  quality  and  having 
a  definite  weight  per  100  square  feet,  com- 
monly called  a  "square."  The  method  of 
applying  the  first  layer  will  depend  upon 
the  deck  structure,  it  being  nailed  to  wood 
decking  and  cemented  to  concrete  with  hot 
asphalt.  The  succeeding  layers  are  ce- 
mented together  with  hot  asphalt  and  the 
top  layer  is  treated  with  a  heavier  coating 
of  asphalt,  called  the  "flood  coat." 

The  first  sign  of  failure  will  be  the  dis- 
appearance of  the  flood  coat  of  asphalt  on 
top  of  the  felt.  If  the  asphalt  is  applied  too 
heavily,  it  tends  to  crack,  exposing  the  felt. 
When  this  happens,  apply  a  new  coat  of 
hot  asphalt  to  cover  cracked  areas.  If  the 
flood  coat  has  not  cracked,  then  look  for 
areas  where  it  has  worn  off.  Recoat  any 
unprotected  spots. 

Buckles  and  blisters  often  occur  in  this 
type  of  roof  due  to  the  faulty  laying  of  the 
felt.  They  are  caused  by  the  separation  of 
the  felt  layers  which  is  usually  caused  by 
the  failure  of  the  bonding  asphalt.  The 
felt  forming  these  blisters  will  quickly  de- 
teriorate and  open  up.  The  resulting  poc- 
kets then  gather  dirt  and  water  which  will 
deteriorate  the  under  layers.  If  buckles  and 
blisters  are  not  too  numerous  they  should 
be  slit  open  and  cleaned  out.  The  felt 
should  then  be  tacked  together,  a  new  piece 
of  felt  imbedded  and  a  coating  of  hot  as- 
phalt mopped  over  the  repaired  area.  Be 
sure  to  coat  the  entire  patch.  If  the  buckles 
and  blisters  are  very  numerous,  consult  a 
competent  roofing  contractor. 

Built-up  asphalt  roofs  should  have  a 
new  top  coating  of  asphalt  when  large 
areas  of  the  roof  show  signs  of  wear.  In 
the  meantime,  it  should  be  carefully  in- 
spected twice  a  year  for  the  defects  dis- 
cussed above. 

Tar  and  Gravel  Roofs 

For  this  type  of  roof  the  felt  is  saturated 
with  tar  when  manufactured  and  is  applied 
in  the  same  manner  as  built-up  asphalt 
roofs  except  that  the  bonding,  cement  and 
flood  coats  arc  tar  products  instead  of  as- 


phalt. After  the  flood  coat  has  been  ap- 
plied the  roof  is  covered  evenly  with  a 
specified  amount  of  gravel  or  crushed 
stone.  The  flashings  are  not  treated  with 
gravel. 

Tar  has  a  lower  melting  point  than  as- 
phalt and  will  tend  to  run  more  easily. 
This  effect  is  slowed  down  by  the  presence 
of  the  gravel.  If  the  tar  does  run  excessive- 
ly and  the  flood  coat  disappears,  the  felt 
will  quickly  dry  out  and  deteriorate.  The 
best  way  to  inspect  this  type  of  roof  is  to 
sweep  away  the  loose  gravel  from  several 
areas  and  examine  the  condition  of  the 
flood  coat.  If  the  flood  coat  has  dried  out 
or  cracked  apply  a  new  flood  coat  and  re- 
distribute the  gravel.  Do  not  wait  until  the 
felt  has  deteriorated  to  recoat  it.  The  gravel 
or  stone  protects  the  felt  against  wear  and 
reduces  roof  temperature  by  reflecting  part 
of  the  sunlight. 

Buckles  and  blisters  occur  in  this  type 
of  roof  for  the  same  reasons  they  do  in  a 
built-up  asphalt  roof.  They  are  detected 
when  walking  over  the  roof.  Follow  the 
same  procedure  for  repairing  them  as  out- 
lined for  built-up  asphalt  roofs,  but  use 
tar  instead  of  asphalt. 

If  you  decide  to  apply  a  new  covering 
over  an  old  tar  and  gravel  roof,  be  sure  to 
investigate  the  combined  weight  and  see 
that  it  falls  within  the  safe  load  limit  of 
the  roof  structure. 

Locked-Seam  Soldered  Tin  Roofs 

Tin  roofs  are  seldom  used  on  theatres 
because  the  noise  produced  by  rain  and  hail 
interferes  with  the  sound  system.  Most 
marquees,  however,  have  this  type  of  roof. 
Rust  is  the  greatest  hazard  of  tin  roofs. 
The  roof  should  be  properly  protected 
against  this  hazard  by  the  application  of 
paint.  The  important  thing  to  remember  is 
that  rusting  should  not  be  allowed  to  oc- 
cur. It  is  much  cheaper  to  prevent  cor- 
rosion than  to  treat  it.  If  in  the  event  rust- 
ing does  occur,  be  doubly  sure  that  all  af- 
fected areas  arc  thoroughly  cleaned  before 
applying  the  protective  paint.  If  the  roof 
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temperatures  below  a  tin  roof  are  excep- 
tionally high  during  the  summer  months, 
they  may  be  reduced  by  using  aluminum 
paint  for  the  finishing  coat. 

Standing-Seam  Tin  Roofs 

This  type  of  roof  may  be  identified  by 
the  standing  or  upright  seams  of  about  one 
inch  height  which  run  parallel  to  the  di- 
rection of  water  flow.  Extreme  care  must 
be  taken  to  prevent  damage  to  these  seams 
by  stepping  or  permitting  things  to  fall  on 
them.  Maintenance  of  this  type  of  roof  is 
the  same  as  for  locked-seam  soldered  tin 
roofs. 

Tile  Roofs 

Tile  roofs  may  be  of  the  flat  type,  formed 
by  laying  tile  blocks  on  concrete  or  wood 
decking  which  has  been  flooded  with  hot 
asphalt.  The  joints  between  the  tiles  are 
also  sealed  with  hot  asphalt  or  other  seal- 
ing compounds. 

Spanish  type  tile  roofs  are  built  up  of 
overlapping  half-oval  tiles  which  are  sup- 
ported in  the  center  by  wood  strips. 

Tiles  are  loosened  by  expansion  and  con- 
traction during  temperature  changes.  They 
become  cracked  by  the  freezing  of  absorbed 
water.  Both  conditions  permit  leakage  re- 
sulting in  rotting  of  supporting  structure 
and  looseness  permits  falling  of  tiles  which 
can  cause  personal  injury  and  property 
damage.  Inspections  should  be  frequent 
and  repairs  made  as  soon  as  needed. 

Guaranteed,  Bonded,  Leased  Roofs 

Guaranteed  roofs  are  those  which  are 
guaranteed  for  a  specified  length  of  time 
by  the  installing  contractor,  who  is  obli- 
gated to  repair  all  leaks  that  occur  during 
that  period.  Managers  are  responsible  for 
reporting  leaks  to  the  contractor  before 
damage  to  the  building  interior,  for  which 
the  contractor  is  not  responsible,  has  oc- 
curred. If  leakage  occurs,  and  the  contrac- 
tor is  unwilling  to  live  up  to  his  guaran- 
tee, it  would  be  unwise  and  costly  to 
permit  it  to  continue  until  interior  damage 
has   increased,    so   repairs    should    be    made 


immediately  at  theatre  expense,  with  later 
effort  being  made  to  collect  their  cost  from 
the  contractor. 

Bonded  roofs  arc  those  that  arc  actually 
bonded  against  failure  by  some  casualty 
company  for  a  definite  period.  The  manu- 
facturer is  responsible  for  the  quality  of  the 
roofing  and  the  contractor  for  its  proper 
installation.  If  a  bonded  roof  fails,  recourse 
can  be  made  to  the  contractor,  manufac- 
turer and  bonding  company.  Another  ad- 
vantage of  having  roofs  bonded  is  that 
more  care  is  taken  by  the  contractor  in 
installation.  When  repairs  are  needed,  the 
bond  should  be  referred  to  and  its  instruc- 
tions carefully  followed. 

If  the  theatre  is  leased  and  the  upkeep 
of  the  roof  is  the  responsibility  of  the 
owner,  he  should  be  required  to  make  re- 
pairs immediately  after  leakage  is  discov- 
ered. It  would  be  poor  business,  however, 
to  allow  poor  roof  conditions  to  remain,  as 
the  resulting  damage  to  the  interior  is  the 
responsibility  of  the  lessee.  Instead  of  en- 
gaging in  long  discussions  or  controversies 
with  the  lessor,  the  theatre  should  have  re- 
pairs made  if  the  lessor  won't  do  so 
promptly.  Later  efforts  to  settle  with  the 
lessor  can  be  made. 

Roof  Inspection  and  Maintenance 

All  roofs  should  be  inspected  in  early 
spring  and  late  fall  for  defects,  and  in- 
spected monthly  for  cleanliness.  Keep  all 
roofs  clean  to  prevent  gutter  stoppage  and 
consequent  roof  flooding.  Never  erect  any 
temporary  structure  on  a  roof.  When  bad 
roof  conditions  are  located  they  should  be 
repaired  immediately.  Extensive  snow  ac- 
cumulations should  be  immediately  re- 
moved to  prevent  overloading  and  flash- 
ing leaks. 

Downspouts  and  Gutters 

Downspouts  and  gutters  are  used  to  car- 
ry off  water  that  collects  on  the  roof.  In 
providing  for  its  quick  removal,  they  pre- 
vent it  from  flowing  over  the  flashing  and 
from  standing  on  the  roof. 

If    downspouts    are    made   of    galvanized 
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iron  they  must  be  checked  for  corrosion 
and  loose  joints.  If  they  are  of  copper,  the 
soldered  joints  must  be  checked.  Wire 
screens  must  be  set  over  downspout  open- 
ings and  screens  and  boses  kept  clean  and 
free  from  leaves,  dirt  and  other  refuse. 
During  winter  months,  any  ice  formation 
over  these  openings  should  be  removed 
immediately. 

When  inspecting  gutters,  be  sure  to 
check  the  inside  surfaces,  as  they  are  the 
most  important,  since  they  handle  the  dirt, 
gravel  and  rain.  The  interior  surfaces 
should  be  thoroughly  cleaned  every  six 
months  and  repainted  when  needed.  The 
exterior  surfaces  should  be  inspected  for 
scaling  paint  and  corrosion. 

Skylights  and  Penthouses 

There  are  many  designs  of  skylights  and 
penthouses.  Quite  a  few  of  the  sheet  metal 
construction,  particularly,  are  made  in  such 
a  way  as  to  render  the  replacement  of  al- 
most any  part  or  section,  which  might 
through  corrosion  become  defective,  a  ra- 
ther expensive  undertaking.  This  fact  only 
serves  to  further  emphasize  the  importance 
and  necessity  for  making  a  very  careful 
checkup  as  to  the  condition  and  then  care- 
fully maintaining  the  efficiency  of  the  pro- 
tective coating,  particularly  at  all  joints  or 
intersections.  All  condensation  drains 
should  be  checked  and  kept  open.  Inspect 
thoroughly  the  flashing  and  counter-flash- 
ing around  the  edges  of  the  skylights  and 
penthouses,  and  keep  it  in  good  repair. 
Serious  roof  leaks  often  occur  here.  In- 
spect carefully  the  glazing  on  skylights  and 
keep  it  watertight.  Replace  when  putty 
becomes  cracked  and  loose.  Keep  all  metal 
surfaces  well  painted. 

Steel-Stacks 

Guywires,  foundations  and  fittings,  as 
well  as  the  stack  itself,  should  be  carefully 
checked  and,  if  needed,  promptly  repaired 
to  insure  general  safety.  Check  the  flashing 
and  keep  all  parts  of  the  stack  and  fittings 
well  painted  to  prevent  rusting. 


Brick  Chimneys 

Improperly  maintained  chimneys  present 
a  hazard  to  the  roof  and  those  occupying 
the  space  below.  Carefully  check  the  mortar 
joints,  coping  and  brickwork  for  cracking. 
Do  not  allow  bad  conditions  to  remain.  It 
is  much  cheaper  to  repair  a  chimney  than 
to  replace  it  and  repair  the  roof  after  it 
falls.  Sealing  of  seams  at  proper  intervals 
will  prevent  development  of  cracks  and 
general  failure. 

Ventilators 

The  main  problem  is  that  of  prevention 
of  corrosion.  Often  it  is  possible  to  paint 
the  inside  as  well  as  the  outside  surface 
of  the  ventilator,  which  is  seldom,  if  ever, 
done.  Where  it  is  possible  it  should  be 
done.  The  flashing  around  the  ventilators 
should  be  carefully  checked  and  kept  in  a 
water-tight  condition.  All  surfaces  should 
be  kept  well  painted. 

Deck  Structures 

The  roof  structure  is  an  excellent  place 
to  check  for  roof  and  flashing  leaks.  Where 
the  type  of  construction  allows  you  to  vis- 
ibly inspect  this  part  of  the  buildings  from 
the  attic  it  should  be  done  every  six 
months.  The  deck  supports  the  roofing  and 
generally  represents  a  rather  large  invest- 
ment. If  you  can  locate  leaks  from  inspec- 
tion you  can  prevent  damage  to  the  in- 
terior. If  the  deck  is  of  wood  construc- 
tion, it  will  usually  absorb  large  quantities 
of  water  before  leaks  become  visible  from 
below.  When  this  happens,  the  structure 
will  rot  and  dangerously  weaken  the  roof. 
Examine  this  part  of  the  building  at  least 
every  six  months. 

Make  regular  inspections  for  evidences 
of  leaks.  Locate  and  repair  any  that  are 
found.  It  is  not  necessary  to  replace  deck 
structure  solely  because  it  has  become  wet, 
but  when  rotted  areas  are  found,  be  sure 
to  have  them  inspected  by  an  experienced 
building  contractor. 

Some  large  electrical  fixtures  are  so 
located    that    they   cannot   be   relamped   or 
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cleaned  without  lowering  them  to  the  floor. 

This  operation  may  be  done  by  rope  or  by 
the  use  of  winch.  In  either  case,  carefully 

inspect  every  piece  of  equipment  used  and 
keep  it  in  .1  safe,  working  condition.  \\  hen 
the  fixture  is  in  place  carefully  check  the 

position  of  the  holding  equipment,  and  be 
sure  that  it  cannot  possibly  allow  the  fix- 
ture to  fall.  If  a  winch  is  used,  be  sure 
that  it  operates  properly  and  is  well  se- 
cured before  attempting  to  lower  the  fix- 
ture, and  that  its  safety  catch  is  securely 
locked  after  the  hxture  has  been  raised  into 
position.  Inspect  all  stationary  light  fix- 
tures regularly  to  be  sure  that  the\  are 
properly  secured. 

Trusses  and  Beams 

If  the  trusses  and  beams  are  of  steel, 
check  for  rusting,  sweating,  loose  connec- 
tions, failure  at  bearing  points  and  sag- 
ging. 

If  the  beams  and  trusses  are  of  wood 
construction,  look  for  rot,  loose  connec- 
tions, loose  joints,  loose  splices,  cracking, 
warping,  failure  at  bearing  points,  sag- 
ging and  insect  infestation. 

Make  necessary  repairs  immediately  af- 
ter bad  conditions  are  found  and  verified 
by  a  competent,  licensed  engineer,  or  ar- 
chitect, who  should  be  employed  to  rec- 
ommend the  method  of  safely  repairing 
damage. 

Strategic  Points  for  Deterioration 

The  figure  shows  the  location  of  chose 
parts  of  a  building  which  are  most  likely 
to  deteriorate.  Each  point  of  failure  is  num- 
bered on  the  figure,  and  the  cause  of  failure 
is  explained.  A  careful  study  of  this  figure 
should  be  helpful  in  making  a  thorough 
building  inspection. 

1.  Defective  Mortar  Joints  in  Coping 
Materials  or  Defective  metal. 

2.  Cracked,  broken,  loose  or  missing 
coping  units. 

3.  Defective  flashing  and  counter-flash- 
ing at  parapet  walls. 

4.  Defective    mortar    joints    in    parapet 


5.    Poor  grade  o\  mortar  and  poorly  con- 
structed mortar  joints  on  exterior  suit  aces. 


<k 


^A 


-O 


Points  Of 
deterioration 


t------_-_-j 


396 


SOUND  TRACK  THEATRE  BOOK 


6.  At  all  jointing  of  cornices,  sills,  trim 
and  projecting  courses  of  brick  where  com- 
paratively flat  surfaces  are  in  evidence,  and 
also  vertical  mortar  joints. 

7.  Weather-exposed  surfaces  of  brick 
units. 

8.  Acid  attack  due  to  sulphur  dioxide 
during  rain,  snow  or  damp  weather.  (Not 
Shown.) 

9.  Absorption  of  earth  moisture  at 
ground  level. 

10.  Exposure  to  wet  or  damp  inside 
conditions. 

11.  Defective  or  under-sized  conductor 
heads,  gutters  and  downspouts  permitting 
increase  in  volume  of  flow  of  water  over 
the  wall  surfaces. 

12.  Increase  in  flow  of  water  over  all 
wall  surfaces  in  the  absence  of  projecting 
trim  and  sills. 

Fire  Escapes 

Importance  of  safe  fire  escapes  need  not 
be  emphasized.  Everyone  is  aware  of  their 
purpose  and  those  responsible  should  see 
that  they  are  properly  maintained.  The  ad- 
justment of  counter-balance  weights  is 
quite  important.  Check  this  section  of  the 
escape  regularly  during  periods  of  snow 
and  sleet  to  be  sure  that  it  has  not  lowered 
to  the  point  where  it  presents  a  hazard  to 
those  passing  below.  All  fire  escapes 
should  be  kept  free  from  snow  and  ice  ac- 
cumulations. All  structural  supports  and 
wall  fasteners  should  be  carefully  checked 
for  corrosion  and  loose  joints.  Keep  the 
escape  well  painted  and  all  connections 
tight.  Do  not  permit  bent  or  loose  hand- 
rails or  bent  steps. 

Vertical  Sign  and  Marquee 
Maintenance 

Vertical  signs  and  marquees  are  quite 
expensive,  and  too  often  costly  repairs 
can  be  traced  to  poor  maintenance.  Be  sure 
that  all  struts,  hanger  rods,  turnbuckles 
and  holding  bolts  are  safe  and  free  from 
rust.  Check  turnbuckles  with  a  wrench  to 


be  sure  that  all  hanger  rods  are  under  ten- 
sion and  are  carrying  their  proper  part  of 
the  load. 

A  marquee  roof  should  be  checked  as 
outlined  under  "Building  Roofs,"  paying 
special  attention  to  the  condition  of  the 
flashing.  Keep  the  roof  clean  and  all  drains 
open.  Carefully  remove  snow  accumulation 
so  that  the  marquee  will  not  be  overloaded. 
Do  not  use  a  marquee  roof  as  a  storage 
space  and  never  install  heavy  displays 
there.  Don't  puncture  the  marquee  roof. 
Keep  the  interior  and  exterior  of  the 
marquee  sign  boxes  as  clean  as  possible.  A 
clean  interior  is  less  liable  to  be  seriously 
damaged  when  a  leak  develops.  Have  all 
marquee  leaks  fixed  immediately — do  not 
wait  until  the  sign  is  seriously  damaged. 
Paint  as  often  as  necessary. 

Door  Maintenance 

The  key  to  good  door  maintenance  is 
the  proper  care  of  the  door  edges.  Keep  all 
edges  well  painted  and  use  a  small  mirror 
to  check  the  bottom  edges.  The  swelling 
of  wooden  doors  is  caused  entirely  by  the 
absorption  of  moisture.  Keep  all  wood  sur- 
faces well  protected  against  moisture  ab- 
sorption by  the  use  of  the  proper  paints. 
When  inspecting  doors,  be  sure  to  check 
the  tightness  of  hinge  connections  both 
on  the  doors  and  on  the  frames.  Poorly 
maintained  door  closers  have  ruined  as 
many  doors  as  any  other  one  thing — keep 
them  tight.  If  the  doors  become  loose  at 
the  glued  joints,  do  not  use  metal  straps, 
but  insert  wood  dowels  and  re-glue. 

Windows 

Inspect  wood  frames  and  sash  for  sur- 
face failure  which  will  allow  absorption  of 
moisture.  Look  for  loose  putty  around 
window  panes.  Repaint  defective  surfaces 
and  replace  loose  putty.  Inspect  steel 
frames  and  sash  for  rust  and  be  sure  to 
have  it  properly  cleaned  before  painting. 
Check  both  types  of  frames  and  sash  for 
looseness.  Weatherstrip  and  caulk  them  if 
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they  can  materially  afreet   the   heating  or 
cooling  load. 

Inspection  of  Plastered  Walls 

When  inspecting  plastered  walls  and 
ceilings,  look  for  the  following  defects: 

1.  Cracks. 

2.  Loose  plaster  and  plaster  ornament. 

3.  Moist  areas. 

4.  Blistering  and  peeling  of  paint. 

5.  Efflorescence. 

When  bad  conditions  are  found,  try  to 
locate  the  cause  before  making  repairs. 
Roof  leaks,  wall  seepage,  broken  laths, 
sagging  beams  and  other  factors  may  af- 
fect interior  plaster. 

Efflorescence  may  appear  on  plaster  as 
a  salty  deposit  and  in  severe  cases  the 
plaster  may  be  reduced  to  a  soft  powder. 
It  is  usually  caused  by  the  presence  of 
moisture  and  soluble  salts  in  the  structural 
backing.  Wood  or  metal  lathing  usually 
prevents  efflorescence.  Efflorescent  defects 
first  appear  in  small  discolored  spots,  fol- 
lowed by  white  crystal  formations  which 
finally  break  through  the  paint  leaving 
exposed  crumbling  surfaces.  Remove  such 
areas,  waterproof  the  supporting  structure, 
and  replaster. 

Accepted  Practices  for 
Painting  Plaster 

1.  Before  applying  paint,  examine  the 
surface  carefully  and  be  sure  the 
plaster  is  tight. 

2.  Whenever  plaster  has  been  applied 
directly  on  tile,  brick  or  cement, 
examine  the  surfaces  carefully  for 
any  signs  of  efflorescence.  Remove 
such  areas,  waterproof  the  structural 
wall  or  replace  the  lathing  before 
replastering. 

3.  Do  not  use  zinc  sulphate  solution 
on  plaster. 

4.  Do  not  use  glue  or  varnish  size. 

5.  Use  oil  base  rather  than  varnish 
base  paints  to  assure  against  blister- 
ing and  peeling  troubles. 

6.  Have  the  surfaces  clean  before  ap- 
plying paint. 


7.    Be  sure   the  plaster  is  dry   and    well 
cured  if  new. 

Stairways 

Stairways  are  a  source  of  danger  even 
under  the  best  conditions.  For  that  reason 
the  problems  of  keeping  treads  clean  and 
free  of  oily  or  other  slippery  substances 
and  of  keeping  stairs  and  railings  in  a 
structurally  sound  condition  are  important. 
Cracked,  chipped,  splintered,  or  broken 
step  nosing  is  one  of  the  most  prevalent 
hazards  caused  by  defective  structure  and 
should  be  constantly  sought  out  and  re- 
paired. Keep  all  hand-railings  securely 
fastened  and  the  area  in  contact  with  the 
hand  smooth.  Torn  carpet  on  stairway 
treads  should  be  immediately  repaired. 
Loose  carpet  is  a  common  hazard  and 
should  not  be  allowed  to  remain  in  that 
condition. 

Fixed  Ladders 

Ladders  are  dangerous  even  under  the 
most  favorable  conditions.  To  prevent  se- 
rious accidents  be  sure  that  all  ladders  are 
structurally  sound  and  well  secured  at  both 
ends.  Special  attention  should  be  paid  to 
the  condition  of  rungs.  Replace  immediate- 
ly all  defective  rungs  and  acquire  the  habit 
of  inspecting  ladders  when  they  are  being 
used. 

Stage  Rigging,  Lofts,  Fly  Galleries  and 
Pin  Rails  and  Counterweights 

Stage  rigging  lofts  and  fly  galleries  are 
subject  to  the  same  structural  defects  that 
occur  in  floors,  trusses  and  beams,  but  by 
the  nature  of  their  use  they  are  more  likely 
to  be  loaded  beyond  their  designed  ca- 
pacity. Overloading  must  be  avoided  and 
the  structural  members,  sheaves,  rope  and 
cable  must  be  kept  in  a  high  state  of  re- 
pair. When  checking  these  points  of  the 
theatre,  look  for  structural  defects  in  sup- 
porting members,  loose,  or  defective 
sheaves  and  sheave  fastenings,  rotten  or 
frayed  rope,  rusty  or  frayed  cable,  loose 
or  slipping  cable  clamps.  Look  for  cracked 
or    loosely    threaded    battens    from    which 
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the  stage  scenery  is  hung.  Poorly  secured 
01  structurally  weak  pin  rails  present  an- 
other hazard.  Be  extremely  careful  in  the 
handling  of  counterweights.  Keep  all  lines, 
cables,  sheaves  and  arbors  in  excellent 
condition.  Be  sure  to  use  correct  size 
sheaves. 

When  checking  concrete  floors,  look  for 
cracking,  chipping,  dusting  and  surface 
moisture. 

Ceramic  tile  floors  should  be  checked 
for  loose  and  broken  tile  and  slippery  sur- 
faces. Any  loose  tile  should  be  immediately 
re-set  and  any  broken  tile  immediately 
replaced  to  prevent  progressive  damage  to 
the  floor. 


Terrazzo  floors  should  be  checked  tor 
bad  cracks,  loose  sections  and  slippery 
surfaces. 

Paint  will  not  bind  to  oily,  greasy  or 
damp  surfaces,  so  before  painting  wood  or 
concrete  floors,  be  sure  that  they  are  clean 
and  dry.  If  wood  and  concrete  floors  are 
badly  deteriorated,  have  them  inspected  by 
a  competent  building  engineer  for  repair- 
ing. 

Foundation    Walls 

Inspect  foundation  walls  and  footings, 
if  accessible,  for  water  seepage  through 
walls  and  underfootings. 


Yire  Extinguishers  in  the  Theatre 


A  theatre  well  supplied  with  fire  extin- 
guishing equipment  is  not  necessarily  well 
protected  against  fire  of  internal  origin. 
There  is  a  right  way  and  wrong  way  to  do 
everything. 

Though  much  has  been  written  about 
how  to  choose  the  correct  fire  extinguisher 
and  how  to  keep  it  in  fire  fighting  shape, 
very  little  information  has  been  given  about 
where  extinguishers  should  be  placed  with 
relation  to  fire  hazard  and  occupancy.  Many 
fatal  and  costly  fires  can  be  prevented  if 
dealt  with  in  their  incipiency.  But  —  in 
order  to  win  the  battle  with  fire — the  ex- 
tinguisher must  not  only  be  the  correct  type 
for  the  hazard  it  guards,  but  it  also  must 
be  properly  placed. 

Here  are  six  good  rules  to  follow  in  the 
placement    of    extinguishers: 

1.  Locate  close  to  likely  fire  hazards. 

2.  Place  the  extinguishers  so  that  fire 
will  not  block  access  to  them. 

3.  Locate  enough  units  to  deal  with  any 
blaze  that  might  be  expected. 


4.  Locate  the  extinguishers  conspicu- 
ously, so  that  everyone  will  be  familiar  with 
the  locations. 

5 .  Identify  each  unit  for  the  type  of  fire 
it  is  designed  to  combat. 

6.  Protect  the  extinguishers  from  the 
traffic  of  passersby. 

An  extinguisher  may  be  useless  if  located 
where  precious  seconds  are  lost  in  getting 
to  it  and  back  to  the  fire.  Employes  should 
have  ready  access  to  extinguishers  for  im- 
mediate use  following  the  discovery  of  a 
blaze. 

Don't  always  place  extinguishers  at  the 
end  of  aisles,  and  don't  locate  them  in 
stairwells.  Flue  action  fans  fires,  preventing 
access  to  equipment. 

The  units  in  theatres  should  be  so  lo- 
cated that  a  person  will  not  have  to  travel 
more  than  one  hundred  feet  from  any  point 
to  reach  the  nearest  unit,  and  at  least  one 
unit  should  be  supplied  for  each  2,5  00 
square  feet  of  floor  space. 

Most  extinguishers   should    be   placed   so 
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that  their  tops  are  not  more  than  )  feet 
above  the  floor.  These  include  carbon  diox- 
ide units  with  capacities  of  10  pounds  or 
less;  water  under  5  gallons;  foam  vapor- 
izing liquid  under  2  gallons;  loaded  steam, 
soda  acid,  dry  compound  and  water  and 
sand  pails.  Pails,  however,  should  not  have 
their  rims  less  than  2  feet  above  the  floor. 
The  15  and  20-pound  carbon  dioxide,  S- 
gallon  water,  >' -gallon  foam  and  2  and  3- 
gallon  vaporizing  liquid  types  should  have 
their  tops  not  more  than  3  ■  i  feet  above 
the  floor. 

Carbon  dioxide  and  vaporizing  liquid 
types  should  be  hung  on  hangers  supplied 
by  the  manufacturer,  while  the  others  may 
be  hung  on  hangers  or  set  on  brackets  or 
shelves.  Wheeled  extinguishers,  added 
where  extra  hazards  require,  should  be 
accessible,  and  adjacent  doorways  and  alleys 
must  be  kept  clear  to  afford  ready  passage. 

There  are  several  ways  to  make  the  loca- 
tions of  extinguishers  conspicuous,  well- 
known  and  readily  seen  despite  excitement 


which  normally  attends  the  outbreak  of  tire. 
A  large  red  spot  painted  on  the  floor  or 
aisles  under  the  location  of  an  extinguisher 
or  a  vertical  red  band  with  yellow  borders 
down  a  side  wall  or  column  where  equip- 
ment is  located  act  as  constant  reminders. 
Lights  of  distinctive  color  or  signs  "For 
Fire"  with  arrows  pointing  to  extinguishers 
are  other  useful  devices. 

Good  housekeeping  is  important;  in  addi- 
tion to  protecting  extinguishers  from  traf- 
fic, keep  boxes,  cartons  or  other  materials 
far  enough  away  to  allow  ready  access  to 
all  units.  Also,  see  that  the  extinguishers  are 
not  used  for  hat  and  coat  racks  and  sim- 
ilar purposes. 

And  last  but  not  least,  instruct  the  fire 
brigade  on  the  location  of  all  units  and 
acquaint  them  with  the  operation  of  each 
type  of  extinguisher.  But  don't  rely  wholly 
on  first  aid  equipment.  Have  direct  fire 
station  pull  boxes  in  the  theatre.  Attack 
the  fire  as  quickly  as  possible  and  always 
summon  the  fire  department. 


FALL  HINTS 

FOR  THE  EXHIBITOR 

At  this  time  of  year,  every  exhibitor  is 
giving  consideration  to  the  months  to 
come  and  the  temperature  change  which  is 
bound  to  result  in  territories  other  than 
semi-tropic. 

— He  will  check  his  furnace  and  see  that 
there  are  no  leaks  in  his  boiler;  he 
will  see  that  flues  are  properly  cleaned 
and  that  there  are  no  warped  or 
burned  out  grates  in  the  fire  box.  He 
will  check  his  radiators  and  see  that 
all  connections  are  tight,  and  that  the 
steam  valves  are  functioning  properly. 
— He  will  check  his  downspouts  and 
roof  gutters,  and  see  that  all  dead 
leaves,  gravel,  etc.,  have  been  re- 
moved, so  that  when  ice  cakes  it  will 
not  break  his  downspouts. 
— He  will  check  his  marquee,  see  that 
the   drains   are    working   properly,    see 


that  all  tlasher  boxes  are  tight  and  that 
contact  fingers  are  making  perfect 
contact. 

— He  will  check  his  supports  for  the 
marquee  letters  as  well  as  his  letters, 
and  see  that  all  rust  is  removed  and 
same  are  painted. 

— He  will  check  his  fire  escapes,  remove 
the  rust  with  a  wire  brush,  and  then 
paint  for  the  winter.  Snow  covers 
fire  escapes  for  many  months  during 
the  winter,  and  if  rust  is  not  removed 
now  it  is  very  likely  to  eat  through 
the  metal. 

— He  will  see  that  all  excess  fans  used 
in  the  summertime  are  properly 
cleaned,  oiled  and  covered  up  during 
the  winter  months. 

— He  will  change  his  house  lighting 
back    to    warmer    colors,    and    discon- 
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tinue  the  use  of  blues  and  greens. 

— He  will  check  his  storm  doors  and 
see  that  all  door  checks  have  been 
properly  adjusted  and  those  that  need 
new  packing  have  been  given  atten- 
tion. 

— He  will  check  all  windows,  see  that 
they  are  properly  puttied  and  are 
tight. 

— If  the  exhibitor  has  his  own  bill- 
boards, he  will  see  that  they  are  prop- 
erly anchored,  in  good  repair  and 
painted  for  the  winter. 

— This  is  a  good  time  of  the  year  to 
check  your  seats,  patch  those  with 
some  rips  or  tears,  recover  those  that 
so  require. 

— Drapes  and  curtains  should  be  cleaned 
in  the  early  fall  because  summer  dust 
and  dirt  has  collected. 

— It  is  also  a  good  time  to  put  in  that 
new  screen. 

— See  that  weather-stripping  is  in  proper 
condition  around  the  stage  entrances 
and  exits. 

— Make  sure  your  fire  equipment  is  in 
proper  working  order,  that  recharges 
have  been  put  in  your  fire  extinguish- 
ers and  that  no  loose  wiring  is  left 
from  summer  exploitation. 

THEATRE  NOTES  .  .  . 

When  moving  a  rubber  mat,  never  grasp 
it  by  the  nosing.  Always  roll  up  the  mat 
before  moving. 

•  •      • 

Once  a  week  clean  out  the  fluff  from  the 
interior  of  your  ticket  machine.  Allowed 
to  stay,  fluff  will  get  into  the  working  parts 
of  the  machine  and  prevent  its  perfect 
operation. 

•  •      • 

Check  your  seats  carefully  for  snags  that 
will  ruin  stockings.  A  run  in  a  pair  of 
Nylons  may  cost  you  a  patron  for  life. 


Imitation  leather  may  best  be  cleaned 
with  water  and  a  mild  soap.  After  a  soap 
cleansing,  wipe  off  the  soap  with  clear 
water  and  dry  with  a  clean  cloth. 


If  you  do  not  have  matinees  in  summer, 
keep  your  house  closed  and  dark  during 
the  day.  It  will  help  to  keep  in  the  cool 
air  for  night  performances. 


A  summer  hint — crash  runners  for  car- 
pets give  a  cooling  effect. 


THE  FACE  ON  THE  COVER 

I  would  like  to  subscribe  to  THE  SOUND 
TRACK. 

I  was  cleaning  out  the  booth  one  day  and  saw 
a  book.  As  soon  as  I  saw  the  cover  I  knew  it  was  a 
good  book.  The  date  on  the  book  is  April,  1944. 

D.  B. 
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Drive-in  Theatres 


Some  Guiding  Rules  for  Building  and  Equipment 


By  FRED  C.  MATTHEWS 

Vice    President,   Motiograph,    Inc. 


There  has  been  a  tremendous  increase  in 
the  popularity  of  the  Drive-in  theatre  since 
the  close  of  the  last  war.  This  marked  suc- 
cess has  convinced  a  great  many  in  the 
motion  picture  industry  that  Drive-in 
theatres  are  not  only  a  permanent  part  of 
motion  picture  exhibition,  but  an  increas- 
ingly important  and  lucrative  one  as  well. 
It  is  the  intention  of  this  article  to  discuss 
primarily  the  construction  and  equipment 
of  these  outdoor  auditoriums,  but  it  would 
not  be  amiss  to  devote  a  few  paragraphs 
to  the  reasons  for  their  popularity. 

The  potential  field  of  patrons  for  a 
Drive-In  theatre  includes  all  car  owners 
within  reasonable  driving  distance.  More 
specifically,  it  appeals  to  those  who  do  not 
wish  to  dress  up,  to  those  who  cannot 
obtain  "sitters"  for  small  children,  to  the 
physically  handicapped  and  infirm  who 
find  it  awkward  or  impossible  to  attend 
an  indoor  theatre,  to  those  who  dislike 
parking  problems.  All  of  these  people — as 
well  as  those  who  just  enjoy  the  outdoors 
— are  prospective  Drive-In  theatre  patrons. 

This  large  and  entirely  new  field  of 
patronage  makes  the  Drive-in  an  unusually 
lucrative  form  of  motion  picture  exhibi- 
tion, not  to  mention  the  excellent  conces- 
sion business,  which  includes  the  sale  of 
cigars    and    cigarettes,    hamburgers,    "hot- 


dogs,"  French  fries,  "cokes,"  and  the  usual 
popcorn  and  candy.  Extra  revenue  can 
also  be  obtained  from  the  operation  of 
filling  stations  and  restaurants  on  the 
premises. 


Fred  C.  Matthews 
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Selecting  a  Location 


A  good  location  is  just  as  important  to 
the  successful  operation  of  a  Drive-In 
theatre  as  it  is  to  an  indoor  one.  There  is 
more  to  be  considered,  however,  than  just 
the  selection  of  a  lot  near  a  well  populated 
area,  for  the  topography  of  the  lot  itself 
radically  affects  the  costs  of  construction. 


deep.  Each  increase  in  capacity  of  100  cars 
will  require  an  additional  100  feet  in  width 
and  fifty  feet  in  depth.  It  will  be  observed 
that  the  site  selected  should  be  as  nearly 
square  as  possible.  Successful  Drive-In  the- 
atres, however,  have  been  built  on  irregu- 
larly shaped  tracts  of  land,  and  a  prospec- 
tive irregular  site  should  not  be  discarded 


An   attractive   drive-in   theatre — the   Piedmont  Avenue   Drive-In   at   Atlanta,   Georgia 


Following  are  some  of  the  factors  to  be 
considered  in  the  selection  of  a  site  for  a 
Drive-In  theatre. 

1.  It  must  be  within  easy  driving  dis- 
tance of  a  population  center  of  at  least 
50,000  people. 

2.  The  lot  should  be  on  or  adjacent  to 
a   well  travelled  main  highway. 

3.  The  Drive-In  theatre  should  have  a 
capacity  of  at  least  500  cars  in  order  to  be 
a  money  making  enterprise.  The  best  lay- 
out for  a  theatre  area  of  this  size  would  be 
a  lot  at  least   5  00  feet  wide,  and  600  feet 


until  a  scale  layout  has  been  made. 

4.  Gentle  slopes  are  generally  desirable, 
since  they  facilitate  drainage.  A  plot  of 
land  with  widely  varied  elevations  makes 
for  heavy  costs  of  drainage,  grading  and 
ramp  construction. 

5.  Easy  access  to  three  phase  electric 
power  is  important.  If  city  water  and  sewer 
connections  are  adjacent  to  the  lot,  the  cost 
of  wells  and  cess-pools  can  be  avoided. 

6.  Before  the  lot  is  purchased,  by  all 
means  check  with  local  zoning  boards  and 
traffic  control  authorities  to  make  certain 
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that  a  Drive-In    will   be  permitted   on   the 
site  selected. 

Factors  When  Building 

Here  are  some  important  facts  to  bear  in 
mind  if  it  is  your  intention  to  build  a 
Drive-In  theatre. 

First,  obtain  your  capital  requirements, 
as  the  majority  of  your  investment  will 
consist  of  financial  "intangibles"  such  as 
grading,  drainage,  ramp  construction,  pav- 
ing, wiring,  fencing,  water  and  sewer  sys- 
tems, and  landscaping.  Even  the  projection 
building,  concession  stand  and  screen  tower 
are  not  good  collateral  for  a  loan,  because 
of  their  highly  specialized  design.  As  suffi- 
cient capital  must  therefore  be  available  in 
advance  to  cover  the  entire  cost  of  the 
project,  it  is  essential  that  an  estimate  of 
construction  costs  be  obtained  before  pro- 
ceeding with  the  project. 

The  cost  of  a  modern  Drive-In  theatre 
equipped  with  in-car  speaker  systems  ex- 
hibits great  variance,  due  to  such  items  as 
the  location  of  the  site  with  respect  to 
water,  sewage,  and  power  and  other  utility 
lines.  The  varying  requirements  of  tKe 
drainage  system,  grading  and  paving  could 
easily  show  a  difference  in  cost  of  as  much 
as  s40,000  between  one  site  and  another. 
Building  construction  costs  will  differ 
widely  because  of  such  factors  as  local 
labor  conditions,  the  availability  of  mate- 
rials, the  building  construction  laws  and 
ordinances  of  state,  county  or  city,  and, 
most  important,  your  individual  prefer- 
ances  as  to  size,  appearance  and  type  of 
construction  of  the  screen  tower  and  other 
buildings. 

If  the  proposed  site  meets  the  major  re- 
quirements listed  previously,  your  next  step 
is  to  secure  an  option  to  purchase  for  a 
sufficiently  long  period  to  obtain  the  nec- 
essary zoning  permits.  After  these  are  se- 
cured, the  purchase  of  the  lot  may  be 
completed. 

You  should  next  obtain  a  local  surveyor 
or  civil  engineer  to  make  a  topographical 
survey  of  the  entire  area,  showing  roads 
and  existing  grades,  types  of  soil,  unusual 


obstructions,  and  any  other  information, 
particularly  with  respect  to  drainage  prob- 
lems, that  will  be  useful  in  the  design  of 
the  theatre.  It  is  also  desirable  to  have 
ground  borings  made  to  determine  how 
deep  foundations  will  have  to  be  laid  in 
order  that  the  screen  tower  will  withstand 
the  maximum  wind  velocity  recorded  in 
the  vicinity  of  the  Drive-In  theatre. 

This  survey  should  be  turned  over  to  the 
civil  engineer,  architectural  firm  or  com- 
pany of  your  choice  to  make  the  layout  of 
the  desired  size  of  theatre.  The  layout 
should  give  all  necessary  information  as  to 
drainage,  grading  and  ramp  construction, 
location  of  the  screen  tower,  projection 
building,  ticket  booth,  concession  stand, 
parking  area,  roads,  in-car  speaker  junction 
boxes,  and  wiring.  Before  construction  is 
started,  the  layout  should  be  checked  care- 
fully with  state,  county  or  city  traffic  au- 
thorities, who  may  insist  on  specifying  the 
location  and  dimensions  of  entrance  and 
exit  drives  and  of  parking  areas,  in  order 
to  accelerate  incoming  or  to  slow  outgoing 
traffic.  The  projected  drainage  system  usu- 
ally requires  the  approval  of  city  or  county 
engineers,  so  that  any  change  in  the  grade 
of  the  theatre  area  will  not  cause  a  serious 
drainage  problem  on  adjoining  property 
areas  or  highways. 

After  the  theatre  layout  has  been  ap- 
proved, you  should  secure  plans  for  the 
screen  tower,  projection  building,  and  con- 
cession stand,  indicating  to  the  planner  the 
type  of  construction  and  the  approximate 
extent  of  investment  you  wish  to  make 
in  such  buildings.  Information  will  be  pre- 
sented later  in  this  article  on  the  require- 
ments for  selection  of  complete  sound  and 
projection  equipment.  Orders  should  be 
placed  without  delay  for  all  necessary  ma- 
terials which  are  not  supplied  by  the  re- 
spective contractors,  such  as  sound  and 
lighting  cables,  and  posts  for  junction 
boxes. 

The  first  steps  in  the  actual  construction 
of  the  Drive-In  theatre  are  the  installation 
of  the  drainage  system  and  the  grading  of 
entrance  and  exit  drives  and  of  the  ramps 
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themselves.  Some  of  the  top  soil  removed 
from  the  theatre  area  may  be  set  aside  for 
landscaping  purposes. 

It  is  essential  that  wells,  cess-pools,  elec- 
trical, water  and  sewer,  and  other  utility 
lines,  along  with  the  electrical  lines  to  the 
junction  boxes  of  the  in-car  speaker  system. 
be  in  place  before  the  lot  is  paved. 

It  does  not  matter  whether  construction 
begins  with  the  screen  tower,  projection 
building  or  concession  stand.  The  projec- 
tion building  usually  is  finished  first,  as 
many  of  the  electrical  connections  and 
utility  lines  terminate  within  it. 

The  remaining  steps  are  the  completion 
of  such  projects  as  ticket  booth  construc- 
tion, fencing  and  landscaping,  the  paint- 
ing of  buildings  and  fences,  and  paving. 

Installation  of  projection  room  equip- 
ment and  in-car  speakers  should  be  com- 
pleted well  in  advance  of  the  intended 
opening  date,  in  order  that  complete  tests 
and  adjustments  may  be  made.  In  advance 
of  the  opening,  such  items  as  concession 
room  and  ticket  booth  equipment  and  the- 
atre supplies  should  be  purchased,  and  signs 
and  attraction  boards  installed. 

Help  to  Builders 

In  building  a  Drive-In  theatre,  you  really 
need  competent  advice  from  a  civil  engi- 
neer, a  registered  architect,  and  a  theatre 
equipment  specialist.  Many  architectural 
firms  employ  both  civil  engineers  and  archi- 
tects who  can  give  competent  advice  on  the 
construction  of  a  Drive-In  theatre,  except 
in  those  matters  which  pertain  to  theatre 
equipment.  The  very  newness  of  the  Drive- 
in  theatre  industry  and  the  important  re- 
lationship of  sound  and  projection  equip- 
ment to  theatre  layout  and  construction, 
has  rendered  it  imperative  for  even  the  best 
architectural  firms  to  call  in  the  assistance 
of  a  theatre  equipment  specialist  with  prac- 
tical experience  in  all  phases  of  Drive-in 
theatre  construction,  equipment  and 
operation. 

Motiograph's  engineers  and  equip- 
ment specialists  have  gathered  together 
a  great  deal  of  specialized  information 


on  grading,  ramp  construction,  the  lo- 
cation of  screen  tower,  projection 
building  and  concession  stand,  and  the 
proper  layout  and  equipment  of  a 
Drive-In  theatre.  This  information  is 
available  to  qualified  persons. 

Grading  and  Ramp  Construction 

Unless  natural  drainage  is  adequate  dur- 
ing the  entire  theatre  operating  season,  it 
is  absolutely  necessary  that  a  drainage 
system  be  put  in  the  theatre  area  before 
the  lot  is  graded.  The  lot  should  be  graded 
so  that  each  car  occupant  can  get  a  full 
view  of  the  screen.  This  is  accomplished 
by  the  construction  of  a  series  of  semi-cir- 
cular ramps  centered  about  the  screen. 

Picture  distortion  and  reduction  of  re- 
flected light  become  worse  toward  the 
ramp  end,  and  car  positions  45  degrees  away 
from  a  line  perpendicular  to  the  screen 
center  are  at  the  practical  limit  for  reason- 
able satisfactory  viewing  conditions.  Best 
modern  practice  confines  the  car  positions 
within  the  sector  extending  not  over  40 
degrees  on  either  side  of  the  perpendicular. 
There  is  no  absolute  necessity  for  a  sym- 
metrical distribution  of  the  car  positions 
with  respect  to  the  screen,  though  where 
the  lot  topography  permits,  such  a  layout 
is  obviously  best  from  the  standpoint  of 
appearance. 

Ramps  should  be  approximately  3  8-40 
feet  apart,  with  the  first  ramp  not  less  than 
100  feet,  but  preferably  12  5  feet  from  the 
screen.  The  3  8  foot  minimum  distance 
between  ramps  is  necessary  so  that  each 
car  can  enter  or  leave  its  ramp  without  in- 
terfering with  the  cars  parked  on  the 
adjacent  ramps.  The  back  of  each  ramp 
should  slope  upwards  toward  the  screen  for 
about  18  feet  to  its  highest  point  so  that 
the  tilt  of  the  parked  car  will  give  the 
patrons  in  both  front  and  rear  seats  a  full 
view  of  the  screen.  The  ramp  must  also 
slope  forward  from  its  highest  point  to  its 
front  so  that  the  car  may  be  driven  away 
over  the  front  of  the  ramp.  The  degree  of 
slope  from  the  back  of  each  ramp  to  its 
highest    point    should    increase    as    one    ap- 
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proaches  the  screen  so  as  to  permit  each 
patron  the  best  possible  view  of  the  screen. 

The  best  way  to  determine  the  neces- 
sary grades  for  each  ramp  is  to  secure  a 
large  scale  elevation  drawing  of  the  entire 
theatre  area  and  then  plot  the  sight  lines 
from  the  various  ramp  positions  to  the 
screen.  Such  a  drawing  is  also  useful  in 
determining  the  maximum  allowable 
heights  of  such  obstructions  as  projection 
and  concession  buildings.  Semi-circular 
construction  of  the  ramps  permits  patrons 
located  near  the  ends  of  the  ramps  to  be 
close  to  the  screen,  and  partially  compen- 
sates for  the  poor  viewing  angles. 

Ramps  should  allow  at  least  9  feet  of 
space  for  each  car.  This  amount  permits 
easy  access  to  the  junction  boxes  of  the  In- 
Car  Speaker  Systems  and  helps  to  prevent 
collisions  between  cars  and  junction  boxes. 
This  spacing  also  allows  accerj  to  each 
car  by  car  hops  and  other  theatre  atten- 
dants. The  number  of  ramps  required 
depends  upon  the  number  of  cars  intended 
to  be  served.  After  grading  has  been  done, 
ramps  constructed,  and  junction  box  sup- 
ports, wiring,  sewage  and  water  lines  have 
been  placed,  the  theatre  area  should  be 
paved,  preferably  with  a  hard  surfacing 
material. 

It  is  recommended  that  lighted  parking 
facilities  immediately  within  the  entrance 
to  the  Drive-in  Area  be  provided  to  handle 
incoming  cars  in  the  period  just  before  the 
early  show  nears  its  end. 


tion  more  damage  and  weatherproof  and 
imparting  a  better  appearance  to  the  thea- 
tre area.  Pipe  should  be  purchased  48 
inches  in  length  so  that  40  inches  of  the 
length  will  be  above  the  ground  and  8 
inches  imbedded  in  a  concrete  base.  The 
pipe  should  preferably  be  set  in  a  suitable 
concrete  base  so  that  the  support  may  bet- 
ter resist  collisions  and  save  damage  to  the 
junction  box  and  speakers.  Much  cost 
and  trouble  may  be  saved  in  installation 
if  the  junction  box  selected  is  provided 
with  a  pipe  connection  fitting  that  does 
not  require  threading  of  the  pipe. 

Many  junction  boxes  are  designed  for 
installation  on  a  wooden  post  or  upon  a 
2  inch  diameter  pipe  and  thus  require  the 
purchase  of  a  pipe  flange.  As  2  inch  pipe 
is  not  always  available,  Motiograph  de- 
signed its  junction  box  to  mount  on  any 
sized  pipe  or  tubing  from  2  in.  to  3/2  in. 
outside  diameter  without  the  necessity  for 
threading  pipe  or  tubing  or  purchasing 
pipe  flanges. 

If  the  pipe  support  or  junction  box  is 
provided  with  a  lamp  to  illuminate  the  base 
of  the  speaker  standard,  it  will  enable  the 
drivers  more  easily  to  guide  their  cars  to 
the  correct  position  on  the  ramps.  This 
eliminates  much  damage  to  speaker  equip- 
ment and  automobiles  and  also  permits  use 
of  a  lighter  block  of  concrete  at  each  pipe 
support.  Bases  so  illuminated  may  be  num- 
bered to  assist  patrons  to  find  their  cars, 
should  they  leave  them. 


Locating  the  Junction  Boxes 

All  in-car  speaker  systems  require  a 
junction  box  located  between  each  two 
car  positions  along  the  ramps.  These 
should  be  spaced  18  feet  apart,  about  5 
feet  back  of  the  highest  point  of  the  ramp. 
Each  junction  box  should  be  located  on  a 
wooden  post  or  a  pipe  40  inches  above  the 
ground,  so  that  a  car  occupant  can  take  an 
in-car  speaker  off  the  junction  box  with- 
out getting  out  of  his  car.  The  pipe  mount- 
ing is  more  satisfactory,  as  the  cables  can  be 
placed  inside  the  pipe,  making  the  installa- 


Wiring  System 

Wiring  costs  in  Drive-In  Theatres  us- 
ing in-car  speakers  are  relatively  high  be- 
cause of  the  large  amount  of  cable  required 
to  bring  the  sound  circuits  to  each  junc- 
tion box.  If  lighting  circuits  are  also  pro- 
vided to  each  junction  point,  still  more 
cable  is  necessary,  and  it  is  hence  desirable 
to  use  the  type  of  cable  which  is  least  ex- 
pensive to  purchase  and  install.  Experi- 
ence indicates  that  two-conductor  insu- 
lated underground  cable  of  the  "Parkway" 
type,  buried  approximately  one  foot  below 
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the  lot  surface  and  looped  up  into  each 
junction  box,  most  nearly  meets  the  re- 
quirements. Along  the  ramps  No.  12  or 
No.  14  wire  is  adequate  in  size  and  these 
sizes  are  also  adequate  for  the  feed  cables 
to  the  ramps. 

For  unlighted  junction  boxes,  both  con- 


respective  two-conductor  insulated  park- 
way feed  cable  for  each  ramp  circuit.  Elec- 
trically there  is  little  difference,  but  the 
availability  and  cost  of  the  heavy  single 
ground  line  with  its  spliced-on  branches 
may  be  a  determining  factor. 

It  is  advisable  to  divide  the  total  num- 


A   drive-in   theatre,   showing   a   typical   screen      tower,   and   ramp    construction   which 
permits  a  clear  view  of  the  screen  to  patrons  of  all  cars 


ductors  are  used  for  the  sound  circuit.  For 
the  new  lighted  Motiograph  junction  boxes, 
an  additional  un-insulated  bare  copper  ca- 
ble extending  to  each  box  provides  a  low- 
resistance  common  grounded  return  wire 
for  both  the  sound  and  the  low  voltage 
lighting  circuits.  It  may  consist  of  a 
single  No.  8  or  larger  cable  from  the  pro- 
jection building  out  to  the  approximate 
center  of  each  ramp,  with  smaller  No.  12 
bare  wires  spliced  on  to  run  along  the 
ramps  and  loop  up  into  the  junction  boxes 
along  with  the  insulated  cable,  or  the  No. 
12  bare  wires  may  run  all  the  way  back 
to  the  projection  building  along  with  the 


ber  of  junction  boxes  installed  into  a  num- 
ber of  separate  groups,  with  a  feed  cable 
from  each  group  running  to  the  projection 
building.  Electrical  arrangements  in  the 
junction  boxes  protect  other  boxes  on  the 
same  feed  line  from  being  affected  by  acci- 
dental short  circuits  in  speaker  connection 
cords,  but  it  is  only  by  dividing  the  boxes 
into  groups  with  separate  feed  cables  that 
a  measure  of  protection  against  short  cir- 
cuits in  the  feed  cables  themselves  can  be 
obtained.  Such  cable  faults  might  arise 
from  the  accidental  knocking  down  of  a 
junction  box  support  post,  or  by  actual 
failure  of  cable  insulation  from  one  cause 
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or  another.  With  separate  cables  and  suit- 
able switching  facilities  in  the  projection 
room,  the  affected  group  can  quickly  be 
isolated,  with  very  little  overall  loss  of 
show  time. 

An  ideal  arrangement  is  a  separate  feed 
cable  for  the  car  positions  along  each  ramp. 


junction  boxes  should  terminate  in  the 
projection  room  in  a  suitable  switching 
cabinet  or  panel  board.  Switching  facili- 
ties can  be  constructed  on  the  job  during 
installation  of  the  sound  and  projection 
equipment,  but  the  prefabricated  ramp 
switching    cabinet     greatly    simplifies     the 


DRIVE  IN 
THEATRE 


The    outside    of    the    screen    tower   serves    admirably    for    advertising    and 
decorative  purposes 


Another  possible  arrangement  which  has 
much  merit  is  to  divide  the  lot  up  into  sec- 
tors containing  approximately  50  junction 
boxes  (100  speakers);  this  requires  more 
radial  ditches  for  feed  cables,  but  allows 
the  extreme  side  sectors,  which  fill  up  last 
and  are  the  least  used,  to  be  shut  off  when 
they  are  unoccupied.  At  least  four,  and 
preferably  six  to  eight,  groups  should  be 
provided  for  Drive-In  Theatres  in  the  500 
to  800  car  class. 

The   feed    cables   from    each    group    of 


work  and  provides  not  only  the  switching, 
but  also  individual  ramp  circuit  sound 
monitoring. 

The  Screen  Tower 

The  most  important  consideration  in 
locating  the  screen  tower  is  to  have  the 
screen  facing  north  or  northeast  so  as  to 
lengthen  the  available  show  time  as  much 
as  possible.  Most  Drive-In  Theatres  have 
the  screen  tower  located  near  the  public 
road  so  that  incoming  traffic  may  be  regu- 
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lated  and  tickets  sold  and  collected  at 
offices  in  or  adjacent  to  the  screen  tower 
itself. 

The  vicinity  adjacent  to  the  screen 
tower,  entrance  and  exit  to  the  theatre 
proper,  should  be  landscaped  and  well 
lighted;  directional  signs  should  be  placed 
at  or  near  the  entrance  to  accelerate  the 
flow  of  traffic.  Exit  drives  in  particular 
should  be  as  wide  as  the  highway  authori- 
ties will  allow,  so  as  to  facilitate  rapid 
emptying  of  the  lot  after  the  first  show. 
Auxiliary  exits  are  also  desirable  to  help 
clear  the  theatre  area.  The  use  of  flood 
lights  located  on  the  screen  tower  will  also 
aid  in  the  flow  of  outgoing  traffic.  At- 
traction boards  announcing  the  night's 
attraction  should  be  placed  where  they  can 
be  seen  from  both  directions. 

We  suggest  consideration  of  building  the 
screen  tower  in  a  triangular  shape  so  that 
one  side  will  face  the  traffic  coming  from 
one  direction  while  another  side  faces  the 
opposing  traffic.  This  permits  the  place- 
ment of  large  well  lighted  signs,  thus  al- 
lowing the  name  of  the  theatre  to  be  seen 
for  a  considerable  distance  in  two  direc- 
tions. 

The  minimum  picture  size  recommended 
is  3  0  feet  high  by  40  feet  wide,  which 
would  be  satisfactory  for  up  to  10  ramps. 
The  width  of  the  screen  should  be  in- 
creased about  5  feet  for  each  additional 
ramp  constructed,  but  the  maximum 
width  should  not  exceed  5  5  feet  if  a  rea- 
sonably well  lighted  screen  image  is  to  be 
obtained.  The  picture  height  is  approxi- 
mately three  quarters  of  the  picture  width. 
In  order  to  give  each  patron  a  clear  view 
of  the  screen,  it  is  necessary  to  have  the 
bottom  of  the  screen  from  16  feet  to  2  5 
feet  above  ground  level  so  that  patrons  in 
cars  on  one  ramp  may  see  over  the  cars  in 
the  ramp  ahead. 

The  screen  itself  should  preferably  be 
constructed  of  large  flat  weather-proof 
panels  painted  with  a  flat  white  paint. 
While  joints  and  seams  are  not  too  notice- 
able when   the  picture  is  projected,  a  bet- 


ter picture  will  result  if  the  joints  of  the 
panels  are  sealed.  Masonry  towers  may 
have  screen  surfaces  of  panels  as  described, 
though  good  results  may  also  be  obtained 
by  constructing  the  screen  surface  of  ce- 
ment plaster,  painted  with  flat  white 
weather  proof  concrete  paint. 

To  obtain  maximum  light  reflection  into 
the  parking  area,  and  to  reduce  "key- 
stone effects,"  it  has  been  recommeded  that 
the  face  of  the  screen  should  be  tilted  for- 
ward into  the  parking  area,  so  that  a  per- 
pendicular line  from  the  screen  center 
would  terminate  approximately  two-thirds 
the  depth  of  the  theatre  from  the  screen 
face.  The  slightly  improved  picture  re- 
sults observed  to  date  from  following  this 
procedure  are  not  justified  if  it  causes  any 
large  increase  in  screen  building  costs. 

A  shadow-box  has  proved  to  be  helpful 
in  preventing  extraneous  light  from  shin- 
ing on  the  screen.  It  is  questionable,  how- 
ever, if  the  benefits  gained  warrant  the 
extra  construction  expense. 

The  screen  building  may  be  of  structural 
steel  construction.  Cement  block  con- 
struction reinforced  with  steel  bars,  and 
wooden  structures  anchored  to  telephone 
poles,  have  been  used  to  good  advantage  in 
many  instances.  The  screen  tower  must, 
however,  be  constructed  to  withstand 
maximum  wind  velocity  in  the  area  in 
which  it  is  to  be  erected. 

Projection  Room 

The  most  efficient  projection  lenses  cur- 
rently available  are  the  high-speed,  anti- 
reflection-coated  types  and  we  recommend 
such  lenses  to  the  exclusion  of  all  other 
types.  Even  in  these  excellent  lenses,  how- 
ever, there  is  considerable  variance  in  the 
degree  of  efficiency  and  amount  of  distor- 
tion offered  in  their  varied  focal  lengths. 
Experience  has  shown  that  the  best  overall 
performance  is  given  by  4  in.  to  4/2  in. 
lenses,  with  4%  in.  and  5  in.  lenses  being 
slightly  less  efficient.  The  use  of  lenses  of 
these  focal  lengths  automatically  requires 
that  the  Drive-In  Theatre  projection  build- 
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ing  be  located  at  least  200  feet  from  the 
screen  if  a  large  picture  is  to  be  obtained. 
The  exact  distance  from  screen  to  pro- 
jection building  is  dependent  upon  the  size 
of  the  picture  desired  and  the  necessity  of 
using  lenses  in  the  4  in.  to  4  J/2  in.  range. 
To  obtain  the  correct  throw  (the  linear 
distance  from  the  screen  center  to  the  lens 
center)    one    should    multiply    the    picture 


been  recommended  that  part  of  the  build- 
ing be  located  below  ground,  but  actual 
practice  has  shown  that  the  losses  caused 
by  water  seepage  are  considerably  greater 
than  any  extra  revenue  that  might  be 
obtained  from  the  gain  of  a  few  car  posi- 
tions. It  is  important  that  the  founda- 
tions and  lower  walls  of  the  projection 
building  be  fully  sealed  against  moisture. 
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Front  of  the  projection  building  of  a  Drive-In  theatre.    The  white  fence  serves 
to   guard   against   interference 


width  by  the  size  of  the  lens  and  then 
divide  the  result  by  0.82  5,  i.e.,  with  a  pic- 
ture width  of  40  feet  desired  and  with  a 
4^4  in.  lens  to  be  used,  the  formula  is  40 
times  4%  divided  by  0.82  5  or  206  feet.) 
The  distance  on  the  ground  from  screen  to 
projection  building  will  be  slightly  less 
than  the  length  of  throw. 

The  projection  booth  should  follow  the 
same  plans  as  those  of  an  indoor  theatre 
with  respect  to  location  of  the  projection 
equipment.  It  is  important  that  the  build- 
ing be  as  low  in  height  as  possible  so  that 
an  absolute  maximum  of  car  locations  be- 
hind the  building  may  be  utilized.     It  has 


In  addition  to  the  projection  booth, 
space  should  be  provided  in  the  projection 
building  for  a  power  equipment  room  and 
men's  and  women's  washrooms.  These 
rooms  must  be  adequate  in  size,  but  it 
should  be  borne  in  mind  that  the  larger 
the  building,  the  more  the  loss  of  favorable 
car  positions  on  adjacent  ramps. 

The  Concession  Stand 

In  most  Drive-In  Theatres  the  conces- 
sion stand  is  located  almost  directly  behind 
the  projection  building,  so  that  water,  elec- 
tricity and  sewer  lines  may  not  have  to  be 
run   a   long    distance.      A    roofed-in     area 
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between    projection    building    and    conces- 
sion stand  helps  concession  business  in  rainy 

weather. 

Paving 

Paving  of  the  theatre  area  is  desirable 
for  a  number  of  reasons.  A  paved  area 
makes  it  easier  to  drive  and  walk,  elim- 
inates dust,  and  helps  drainage.  Most  im- 
portant, paving  keeps  the  original  contour 
of  the  ramps,  thus  maintaining  perfect 
sight  lines  from  all   positions. 

Obviously,  cost  of  paving  will  vary  wide- 
ly depending  upon  the  type  of  paving  se- 
lected, soil  conditions  at  the  particular  site 
and  the  size  of  the  theatre  and  parking 
area.  The  most  economical  and  satisfac- 
tory surfacing  is  one  consisting  of  hard 
aggregate  spread  on  after  a  binding  coating 
of  light  oil  has  been  applied  on  the  sub- 
grade.  The  hard  aggregate  should  then  be 
rolled  to  the  established  grades  and  coated 
with  a  heavy  asphalt  bearing  oil.  A  second 
layer  of  aggregate  and  oil  should  then  be 
applied,  after  which  a  light  sand  can  be 
brushed  over  the  entire  surface. 

The  above  specification  is  general,  of 
course,  as  the  size  and  amount  of  aggregate 
to  be  used  depends  upon  local  soil  and 
other   conditions. 

Estimated  Construction  Cost 

Construction  costs  of  Drive-In  theatres 
are  governed  by  a  great  many  variable  fac- 
tors, and  therefore  differ  considerably.  The 
following  figures  are  of  course  only  esti- 
mated, but  are  probably  very  close  to  the 
minimum  requirements  for  a  theatre  of 
5  00  car  capacity  with  in-car  speaker 
equipment. 

Drainage  System $   2,500.00 

Grading  and  Ramp 

Construction     8,000.00 

Water  and  Sewer  Systems  .  3,000.00 
Projection  Building 

(including  plumbing)  .  .  5,500.00 
Concession  Stand 

and  Equipment 4,5  00.00 


Paving  (including 

parking  area)     15,000.00 

Electrical  Wiring 

and  Fixtures 5,000.00 

Screen  Building 12,000.00 

Posts  for  Junction  Boxes.  1,000.00 
Lights    for   Junction 

Box  Supports    2,500.00 

Projection  and  Sound 

Equipment,  with 

Speakers     19,500.00 

Ticket  Office 

and  Equipment 1,2  5  0.00 

Fencing     3,000.00 

Landscaping    1,750.00 

Advertising    Signs    3,000.00 

Miscellaneous  Labor    2,5  00.00 

Cost  of  Plans 

and    Specifications       ...       5,000.00 

Total     $95,000.00 

As  previously  mentioned,  this  estimate  of 
$95,000.00  may  vary  considerably  because 
of  localized  and  specialized  factors. 

Drive-In  Theatre  Equipment 

The  construction  of  many  hundreds  of 
new  Drive-in  theatres  is  now  being  planned 
or  contemplated  in  the  United  States  and 
Canada.  Most  of  those  which  are  built  will 
no  doubt  be  successful,  but  the  best  lo- 
cated, the  best  managed  and  the  best 
equipped  are  sure  to  stand  out  as  the  best 
profit  producers  when  competition  for  the 
movie  goer's  dollar  becomes  more  intense. 

Equipment,  in  fact,  plays  a  highly  im- 
portant part  in  the  success  of  any  Drive-In 
theatre.  There  are  very  special  requirements 
for  equipment  of  the  Drive-In,  and  we 
therefore  intend  to  devote  considerable 
space  to  a  discussion  of  those  requirements. 

Sound  Equipment 

Experience  has  indicated  that  the  Drive- 
in  theatre  sound  system  is  the  most  impor- 
tant single  item  of  equipment  to  be  se- 
lected. The  Drive-In  exhibitor  not  only  has 
to  consider  the  quality  of  reproduction  in 
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his  sound  system,  but  also  such  factors  as 
the  preferences  of  his  customers  as  to  type 
of  speaker  equipment,  and  the  proximity  of 
neighbors  who  might  be  disturbed. 

Early  Drive-In  theatres  employed  either 
a  central  loudspeaker  system,  or  individual 
speakers  mounted  upon  posts  so  that  the 
sound  could  be  heard  by  the  occupants  of 
the  car  on  either  side.  Both  methods  were 
found  wanting.  In  order  to  secure  a  suffi- 
cient flow  of  patronage,  it  was  necessary 
to  locate  within  the  vicinity  of  population 
centers,  and  any  speaker  system  which  was 
loud  enough  to  serve  an  outdoor  theatre 
was  also  loud  enough  to  cause  the  neighbors 
to  obtain  an  injunction  against  it  as  a  pub- 
lic nuisance.  The  post  type  speakers  served 
to  cut  down  some  of  the  objectionable 
noise  volume,  but  they  required  that  the 
windows  of  the  car  be  kept  open,  which 
often  proved  uncomfortable  in  chilly  or 
rainy  weather. 

As  a  result,  very  few  of  the  older  Drive- 
in  theatres,  and  an  even  lesser  number  of 
the  newer  ones,  are  employing  either  of 
these  methods  of  sound  reproduction,  in 
spite  of  their  considerably  lower  initial 
cost.  The  possibility  of  having  the  Drive-in 
closed  by  injunction,  which  would  mean 
the  substitution  of  an  entirely  new  system 
of  sound  reproduction  or  the  abandonment 
of  the  enterprise,  is  far  too  much  of  a 
gamble  for  most  exhibitors. 

In-Car  Speakers 

The  trend  has  therefore  been  strongly  to 
In-Car  speakers.  The  sound  volume  may  be 
regulated  as  the  patron  desires,  and  the 
windows  of  the  car  may  be  kept  closed  in 
unfavorable  weather. 

It  is  true  that  in-car  speakers  have  not 
always  proved  eminently  satisfactory  in 
some  installations.  This  disappointment  has 
been  due  principally  to  the  employment  of 
speaker  units  of  poor  quality  and  of  insuffi- 
cient size  to  reproduce  the  sound  in  an  ac- 
ceptable manner.  As  a  consequence,  Motio- 
graph  recommends  the  use  only  of  high 
quality  speaker  units  not  smaller  than  the 


standard  five  inch  type.  While  chief  con- 
sideration in  the  selection  of  speakers  should 
be  based  on  sound  quality,  with  some  con- 
sideration being  given  to  appearance  and 
convenience  in  handling,  it  is  important  to 
bear  in  mind  that  the  speakers  arc  often 
subjected  to  some  very  rough  handling  on 
the  part  of  the  patrons,  and  therefore  the 
longevity  and  durability  of  components, 
mechanical  design  and  construction,  and 
facility  of  repair,  are  items  which  should 
also  be  given  a  due  share  of  attention. 
Weather  proofing  also  plays  a  part  in  re- 
ducing annual  maintenance  costs,  and 
should  be  duly  calculated  when  figuring 
initial  expense  and  total  overall  cost. 

In-car  speakers  are  connected  to  the 
junction  box  by  three  different  types  of 
cords.  The  most  popular  and  the  least  ex- 
pensive of  these  is  a  regular  rubber  covered 
cable.  Another  is  a  coiled  cord,  which  costs 
more  per  speaker.  A  third  type  consists  of 
the  regular  rubber  cable  with  a  companion 
steel  cable,  both  covered  with  a  water- 
proof casing,  and  is  considerably  more 
costly  than  either  of  the  other  two. 

These  types  of  cords  have  their  particu- 
lar advantages  and  disadvantages.  Experi- 
ence has  shown  that  the  regular  rubber 
cable  hanging  down  from  the  junction  box 
sometimes  catches  on  automobile  bumpers 
or  door  handles.  This  can  be  eliminated  to 
some  extent  by  utilizing  a  coiled  cord.  The 
steel  cable  type  of  connection  cord  vir- 
tually eliminates  the  loss  of  in-car  speakers 
through  theft,  but  when  an  absent  minded 
driver  starts  off  without  removing  the 
speaker  from  his  car,  the  resultant  damage 
may  be  considerable. 

Junction  Boxes 

Each  two  in-car  speakers  require  a  junc- 
tion box,  in  which  is  located  an  impedance 
matching  transformer.  A  very  careful 
check  of  this  unit  should  be  made  before 
purchase,  as  much  operational  difficulty  can 
be  avoided  if  a  well  designed  unit  with 
good  components  is  selected.  Here  are  the 
requirements     which     a     prospective    pur- 
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chaser  should  look  for  in  a  good  junction 
box. 

1.  It  must  be  as  weather  proof  as  it  is 
possible  to  make  it. 

2.  It  must  be  strong. 

3.  Terminal  blocks  must  be  supplied  for 
the   speaker   and   feed   cables. 

4.  Impedance  matching  transformers 
should  be  of  the  highest  quality.  (Check  to 
see  that  they  are  fully  impregnated  against 
the  effects  of  moisture.) 


9.  The  junction  box  should  present  an 
attractive  appearance,  since  it  is  in  the  full 
view  of  the  patrons. 

Power   Requirements 

The  sound  system  must  have  power  am- 
plifiers sufficient  to  provide  one-quarter  of 
one  watt  of  power  for  each  in-car  speaker. 
A  Drive-In  theatre  with  a  600  car  capacity 
would  thus  require  a  sound  system  with  a 
minimum  of   150  watts  of  power. 


Motiograph  SE-7550  In-Car  Speaker  Junction  Box,  with  interior  view  to  show  light 
sockets,  terminal  block  and  adjustable  impedance  matching  transformer.  Arrows  indi- 
cate ramp  cable  lugs 


5.  Speaker  hooks  must  be  well  designed 
to  permit  the  patron  to  replace  the  speakers 
quickly  on  the  junction  box,  and  they 
should  be  rubber  plated  so  they  will  not 
scratch  or  mar  the  automobile  when  in  use. 

6.  Electrical  circuits  should  be  so  ar- 
ranged as  to  prevent  accidental  short  cir- 
cuits in  speaker  connection  cables  from 
affecting  other  junction  boxes  on  the  same 
ramp  feed  circuit. 

7.  The  junction  box  should  be  designed 
to  allow  easy  and  rapid  servicing,  and  the 
mounting  facilities  should  permit  the  boxes 
to  be  readily  removed  for  inside  storage  at 
the  close  of  the  Drive-in  season. 

8.  Speaker  support  hooks  should  be  an 
integral  part  of  the  box,  so  that  it  will  not 
be  necessary  to  drop  speakers  on  the  ground 
to  inspect  connections  and  do  other  testing. 


Under  no  circumstances  should  the 
Drive-in  theatre  owner  select  a  sound  sys- 
tem with  an  amplifier  power  output  of  less 
than  one-quarter  of  one  watt  for  each 
in-car  speaker. 

Emergency  power  amplifiers  can  be  ob- 
tained for  only  a  slightly  greater  invest- 
ment, and  it  may  therefore  prove  desirable 
to  select  a  dual  amplifier  system.  The  re- 
funds from  a  single  full  show  will  pay  for 
the  additional  cost. 

Projection  Equipment 

The  screen  of  the  Drive-In  theatre  must 
be  a  large  one  (30  feet  x  40  feet  or  more, 
depending  upon  the  size  of  the  theatre).  It 
is  therefore  absolutely  necessary  to  select  a 
combination  of  projection  equipment  that 
will   give  maximum  screen  illumination. 
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Projection  Lenses 

It  has  been  proven  from  thousands  of  in 


stallations  in  both  indoor  and  outd< 


th< 


atres  that  anti-reflection  coated  lenses  trans- 
mit a  greater  portion  of  the  available  light 
than  do  lenses  of  the  uncoated  variety.  As 
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Motiograph   sound  equipment  racks  for  large  Drive-in  theatres. 
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the  greater  dimensions  of  Drive-In  theatres 
present  an  increased  lighting  problem,  it  is 
absolutely  essential  that  coated  lenses  be 
employed. 

Arc  Lamps 

The  best  type  of  high  intensity  arc 
lamps  for  Drive-In  theatres  is  the  subject 
of  a  great  deal  of  contention  between  the 
manufacturers  of  condenser-type  high  in- 
tensity arc  lamps  burning  in  the  140,  180 
ampere  range,  and  the  manufacturers  of 
reflector-type  arc  lamps  operating  in  the 
6  5    115  ampere  range. 

It  appears  from  tests  that  have  been 
made,  that  reflector-type  lamps  operating 
at  70  amperes  and  condenser-type  lamps 
operating  at  140  amperes  produce  approxi- 
mately the  same  amount  of  light  on  the 
screen,  other  conditions  being  equal.  If 
the  tests  mentioned  may  be  regarded  as 
accurate,  it  would  appear  that  condenser- 
type  lamps  should  give  somewhat  more 
light  when  operated  at   180   amperes. 

It  is  to  be  noted,  however,  that  if  con- 
denser-type lamps  are  operated  above  140 
amperes  that  a  glass  or  quartz  filter  is 
usually  required  between  lamphouse  and 
projector  mechanism  to  prevent  damage 
to  the  film  from  the  intense  heat.  Ob- 
viously such  a  filter  causes  a  light  loss 
which  in  large  measure  offsets  the  gain  in 
light  from  the  higher  current.  (See  the 
Journal  of  the  Society  of  Motion  Picture 
Engineers,  Vol.  45,  No.  2,  August,  1945.) 

It  is  to  be  noted  that  the  larger  the  cur- 
rent rating  of  arc  lamps,  the  greater  is  the 
initial  cost  of  both  the  lamps  and  their 
power  supplies.  The  operating  costs  for 
reflector-type  lamps  are  radically  lower 
than  those  for  condenser  type  lamps  due  to 
much  lower  carbon  costs,  cheaper  optical 
elements,  and  lower  power  requirements^ 

We  recommend  reflector-type  arc  lamps 
operating  at  70  amperes  for  Drive-in 
theatres  with  up  to  46-foot  screens,  and 
reflector-type  arc  lamps  burning  at  8  5/115 
amperes  for  Drive-In  theatres  with  screens 
ol  a  greater  width.     The  latter  lamps  will 


give  greater  screen  illumination  than  can 
be  obtained  from  any  other  type  of  high 
intensity  arc  lamp.  The  use  of  auxiliary 
blowers  on  the  projectors  dissipates  excess 
heat  at  the  projector  aperture. 

Arc  Lamp  Power  Supply 

The  selection  of  the  arc  lamp  power  sup- 
ply is  largely  a  matter  of  individual  prefer- 
ence. Whether  the  motor  generator  set, 
with  higher  initial  but  lower  operating  cost, 
or  rectifiers,  with  lower  initial  but  higher 
operating  cost,  are  selected,  it  is  important 
that  they  have  sufficient  capacity  to  operate 
the  arc  lamps  at  maximum  amperage. 

The  Projector  Mechanism 

All  of  the  useful  light  which  reaches  the 
screen  from  the  arc  lamps  must  pass 
through  the  projector  mechanism.  The  light 
produced  by  the  arc  lamps,  however,  can- 
not reach  the  screen  all  of  the  time,  because 
of  the  shutter  of  the  projector  mechanism. 

It  is  the  function  of  the  shutter  alter- 
nately to  permit  light  to  fall  on  one  frame 
of  the  film  for  a  fraction  of  a  second,  and 
then  block  out  the  light  for  a  fraction  of 
a  second  while  the  next  picture  is  brought 
into  place.  The  shutter  is  absolutely  neces- 
sary, for  without  it  the  series  of  pictures 
on  the  film  would  contain  numerous  dis- 
concerting streaks  of  light.  As  it  is,  the 
alternate  light  and  dark  periods  permit  each 
picture  to  stand  out  clearly  on  the  screen. 

Therefore,  it  is  necessary  not  only  to  se- 
lect the  lamps,  power  supply  and  lenses 
best  suited  to  the  needs  of  a  Drive-in  the- 
atre, but  also  a  projector  which  permits  the 
maximum  amount  of  light  emitted  by  the 
arc  lamps  to  reach  the  screen  when  the 
shutter  is  open. 

Motiograph,  like  other  leading  American 
manufacturers  of  projectors,  strongly  rec- 
ommends double  shutter  mechanisms  over 
single  shutter  models.  When  double  shutter 
mechanisms  are  employed,  there  are  two 
blades  simultaneously  cutting  the  light 
beam  from  opposite  directions.  The  time 
required  to  cut  the  light  off  the  screen  and 
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Motiograph  SE-7550  In-Car  Speaker  Junction  Box,  mounted  on  pipe,  and  showing 
base  (left)  and  service  signal  lights.  Speakers  illustrated  are  Motiograph  SE-7548 
(left)   with  blue  enamel  finish  and  coiled  cord;  and  SE-7547,  with  brushed  cadmium 

finish    and    straight    cord 


restore  it  is  thus  reduced  by  one-half  as 
compared  with  the  single  shutter,  and  the 
screen  receives  a  proportionately  increased 
illumination. 

In-Car  Speaker  Equipment 

The  Motiograph  in-car  speaker  is  stur- 
dily constructed  to  withstand  rough 
weather  and  rough  handling.  The  speaker 
unit  is  weather  proofed,  and  the  steel  hous- 
ing is  bonderized  and  finished  in  baked 
enamel  or  brushed  cadmium  with  a  final 
clear  lacquer  finish.  Speaker  hooks  are  rub- 
ber plated  for  automobile  protection. 


For  ease  of  maintenance,  the  in-car 
speakers  may  be  quickly  disassembled,  al- 
though patented  screws  are  utilized  to  dis- 
courage patrons  from  attempting  to  take 
them  apart  with  a  coin,  knife  or  ordinary 
screw  driver.  A  brass  splash  screen  is  placed 
immediately  behind  the  perforated  front  of 
the  speaker  housing,  and  keeps  patrons 
from  inserting  sharp  instruments  through 
the  perforations  and  into  the  speaker  unit, 
as  well  as  preventing  driving  rain  or  in- 
sects from  reaching  the  speaker  unit  cone. 

The  speaker  units  are  designed  to  have 
large  safety  factors,  both  mechanically  and 


420 


SOUND  TRACK  THEATRE  BOOK 


electrically.  Welded  magnetic  structures 
and  heavy  duty  Alnico  V  permanent  mag- 
nets give  extreme  ruggedness  and  high  effi- 
ciency. 

Individual  speaker  volume  controls  are 
of  the  constant  impedance  type,  and  am- 
plifier loading  remains  the  same  regardless 
of  control  settings.  This  factor  insures  op- 
timum amplifier  performance,  and  elimi- 
nates the  necessity  for  constant  readjust- 
ments of  sound  system  fader  settings  as  the 
number  of  speakers  in  use  changes. 

The  control  knobs  are  machined  from 
solid  aluminum  for  strength  and  appear- 
ance, while  the  controls  are  supported  by 
the  brass  splash  screens  and  thereby  cush- 
ioned against  mechanical  damage. 

Speaker  cables  are  provided  with  spade 
terminal  lugs  which  make  for  ease  of  in- 
stallation, quick  changes  of  speakers,  and 
reduced  costs  of  installation  and  replace- 
ment. 

In-Car  Speaker  Essentials 

It  is  highly  important  to  the  Drive-In 
theatre  owner  that  he  select  the  correct 
make  of  in-car  speaker. 

A  listening  test  would  be  desirable,  for 
no  precaution  is  superfluous  when  the  mat- 
ter of  good  sound  reproduction  is  con- 
cerned. As  the  novelty  of  an  outdoor  the- 
atre disappears,  the  Drive-In  patrons  will 
tend  to  become  more  and  more  critical  of 
sound  quality. 

Though  a  small  speaker  may  be  compact 
and  pleasing  in  appearance,  its  very  small- 
ness  limits  the  size  of  the  speaker  unit.  This 
in  turn  limits  the  low  frequency  response, 
and  results  in  lowered  fidelity  of  voice  and 
music  reproduction.  A  smaller  speaker  also 
requires  more  power  to  attain  equal 
loudness. 

High  frequency  response  constitutes  a 
direct  measure  of  speech  intelligibility.  Per- 
forations instead  of  louvres  in  the  face  of 
the  speaker  housing  permit  more  direct 
sound  radiation.  Louvres  tend  to  obstruct 
the  higher  frequency  sounds,  resulting  in  a 
hollowness  of  tone. 


junction  Boxes 

The  Motiograph  SE-7545  junction  box 
is  made  from  two  aluminum  castings.  It 
is  consequently  rust  proof,  and  requires  no 
periodic  painting  to  maintain  its  attractive 
appearance.  The  top  casting  covers  the  im- 
pedance matching  transformer  and  termi- 
nal block  for  the  speaker  and  feed  cables. 
The  lower  base  casting  fits  the  post  sup- 
port, and  has  two  integral  sturdy  speaker 
hooks  which  permit  the  replacement  of 
the  speakers  after  use.  This  location  of 
the  speaker  hooks  permits  access  for 
servicing  of  the  transformer,  terminal 
block  and  speaker  and  feed  cables  without 
the  necessity  of  dropping  the  speakers  on 
the  ground. 

The  two  castings  of  the  junction 
box  are  joined  tightly  together  by  two 
strong  and  readily  accessible  bolts,  making 
a  completely  weather  proof  enclosure  for 
the  transformer  and  terminal  block,  and 
yet  one  which  can  be  quickly  and  easily 
opened  for  servicing. 

The  junction  box  contains  an  impedance 
matching  transformer  of  the  highest  qual- 
ity, fully  impregnated  against  the  effects 
of  moisture.  The  transformers  have  multi- 
tapped  primary  windings  so  that  any  re- 
quired number  of  junction  boxes  may  be 
connected  to  give  the  proper  feed  line  im- 
pedance for  optimum  amplifier  perform- 
ance. The  electrical  circuits  of  the  box 
are  so  arranged  as  to  prevent  accidental 
short  circuits  in  speaker  cables  from  affect- 
ing other  junction  boxes  on  the  same  ramp 
feed  circuit. 

Junction  Box  Lights 

Experience  has  demonstrated  that  it  is 
desirable  to  illuminate  the  base  of  each 
speaker  standard.  Such  a  light  enables 
drivers  more  easily  to  guide  their  cars  to 
the  correct  position  on  the  ramps,  and  thus 
eliminates  much  damage  both  to  speaker 
equipment  and  to  automobiles.  This  de- 
creased risk  of  damage  also  permits  the  use 
of  a  lighter  block  of  concrete  at  each  pipe 
support.     The  bases  may  be  numbered,  in 
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order   to   assist   patrons    to   find    their    cars 
more  easily  should  they  leave  them. 

Another  advantage  of  post  lights  is  that 
they  enable  the  patron  to  see  to  remove  or 
replace  the  speakers.  This  not  only  makes 
for  the  convenience  of  the  customer,  but 
eliminates  a  source  of  damage  to  the  speak- 
ers  through   their  being  permitted   to  fall 


projection  building.  The  concession  light 
may  be  turned  on  and  off  by  the  patron 
while  inside  his  car  by  operating  a  switch 
on  each  speaker,  and  cause  the  red  light  to 
flash  or  to  burn  steadily  until  the  switch 
is  turned. 

Current  for  the  lights  is  furnished  at  ap- 
proximately 30  volts  from  step-down  trans- 
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Under   view   of   Motiograph   SE-7550   In-Car   Speaker   Junction   Box,   with   Speakers 

SE-7548  and  SE-7547,  to  show  base   (left)   and  service  signal  lights  on  junction  box, 

and  arrangement  for  mounting  on  unthreaded  pipe  or  tubing.  Arrow  on  right  hand 

speaker    indicates   service   signal   pushbutton   switch 


to  the  ground. 

Post  lights  greatly  enhance  the  beauty 
of  the  Drive-in  theatre.  The  illuminated 
lines  of  the  ramps  present  a  picturesque 
appearance,  and  render  lights  unnecessary 
at  the  ends  of  the  ramps. 

The  sales  of  concessions  may  be  in- 
creased materially  if  the  patron  is  able  to 
signal  the  concession  attendants  without 
leaving  his  car.  Such  a  signal  system  fur- 
thermore eliminates  the  need  for  car  solici- 
tation, as  many  people  do  not  wish  to  be 
disturbed  by  car  hops  when  they  are  not 
disposed  to  buy. 

To  provide  for  both  a  lighted  post  and 
a  means  of  signaling  a  concession  attend- 
ant, Motiograph  furnishes  a  version  of  its 
junction  box  with  a  white  light  to  shine 
down  upon  the  junction  box  support,  and 
a  red  light  to  signal  the  car  hop. 

The   post   lights   are   operated   from   the 


formers  in  the  projection  room  by  way  of 
low  voltage  ramp  lighting  feed  circuits 
which  have  one  grounded  conductor  in 
common  with  the  grounded  side  of  the 
sound  feed  circuit.  The  lighted  junction 
boxes  therefore  require  only  a  single  unin- 
sulated bare  copper  wire  to  each  box  posi- 
tion, in  addition  to  the  usual  two-conductor 
insulated  parkway  cable.  The  relatively  low 
lamp  supply  voltage  meets  the  safety  re- 
quirement of  the  National  Electric  Code 
without  the  necessity  for  separate  stand- 
ard voltage  lighting  circuits  to  each  box 
position.  The  amount  of  light  produced 
by  the  base  and  signal  lights  is  sufficient  for 
their  respective  functions,  but  not  great 
enough  to  cause  glare  conditions  which 
might  interfere  with  picture  visibility. 

Power  Supply  Equipment 

For    those    desiring    prefabricated    ramp 
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circuit  switching  facilities,  Monograph 
offers  a  cabinet  design  matching  other  pro- 
jection room  sound  system  components. 
Heavy  duty  terminals  are  provided  for  the 
incoming  ramp  circuit  cables,  and  the 
on-off  switches  are  of  the  very  reliable 
toggle-type  developed  for  aircraft  duty. 
The  switching  circuits  are  arranged  so  that 
as  circuits  are  turned  off,  suitable  substi- 
tute loading  resistors  are  connected  in  their 
place,  and  amplifier  performance  thus  re- 
mains the  same  regardless  of  the  number  of 
speakers  in  use.  The  cabinet  houses  a  small 
monitor  speaker,  and  the  electrical  circuits 
to  this  speaker  include  a  rotary  tap  switch 
to  permit  it  to  be  connected  to  any  one  of 
the  outgoing  ramp  circuits.  The  projec- 
tionist thus  can  individually  monitor  the 
ramp  circuits  without  leaving  the  projec- 
tion building,  and  instantly  detect  and 
turn  off  a  circuit  which  might  be  in  trou- 
ble due  to  accidental  damage  to  the  feed 
cables.  As  the  ramp  circuit  monitor  speaker 
is  of  the  same  type  and  relative  efficiency 
as  the  in-car  speaker  units,  it  allows  vol- 
ume levels  in  the  feed  lines  to  be  adjusted 
properly  for  best  performance.  The  stand- 
ard cabinet  provides  eight  individual  ramp 
circuits,  and  is  thus  suitable  for  use  in  all 
except  the  very  largest  Drive-in  theatres, 
which  require  two  cabinets. 

A  special  version  of  the  ramp  switching 
cabinet  includes  the  necessary  power  sup- 
ply transformers  for  junction  boxes  having 
base  and  service  signal  lights.  The  cabinet 
mounts  a  maximum  of  eight  individual 
ramp  circuit  lighting  power  transformers, 


each  capable  of  supplying  a  group  of 
approximately  fifty  boxes  under  full 
lighting  load  conditions.  The  transform- 
ers are  supported  by  an  angle  iron  chassis 
having  a  hinged  door  on  the  cabinet  cover 
side.  Each  transformer  has  its  own  pri- 
mary fuse  for  wiring  and  transformer  pro- 
tection, and  the  standard  115  volt  primary 
circuits  to  each  transformer  include  indi- 
vidual switches  mounted  on  the  hinged 
door  adjacent  to  the  sound  circuit  on-off 
switches  so  that  the  lighting  portion  of  the 
associated  ramp  feed  circuit  can  likewise  be 
turned  on  or  off.  Low  voltage  pilot  lamps 
of  the  same  type  used  in  the  junction 
boxes  illuminate  red  jewels  adjacent  to  the 
light  switches,  and  thus  provide  continuous 
monitoring  of  the  power  circuits  to  the 
junction  box  lights.  Switches  and  jewels 
are  grouped  so  that  they  extend  through 
the  cutout  portion  of  the  cabinet  cover. 
Transformer  windings  are  provided  with 
sufficient  taps  to  permit  the  delivered  vol- 
tages at  the  junction  box  lights  to  be  ad- 
justed correctly,  taking  into  account  the 
varying  line  losses  between  close-in  and 
outlying  ramp  circuits,  which  would  not 
be  possible  with  a  less  flexible  transformer 
design.  With  individual  transformers,  fur- 
thermore, accidental  cable  faults  affect 
only  the  one  lighting  circuit  concerned — 
an  important  operational  safety  factor.  If 
desired,  ramp  switching  cabinets  may  be 
mounted  on  the  amplifier  racks,  although  it 
is  usually  more  convenient  to  mount  them 
on  the  projection  room  wall,  just  above 
the  point  where  the  ramp  cables  enter. 
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Theatre  Television 

A  Survey  of  Its  Prospects 

By   HARRY   DONALDSON 


There  is  no  doubt  about  it — the  motion 
picture  exhibitors  of  the  country  are  mani- 
festing a  keen  interest  in  the  subject  of 
television.  This  interest  lies  not  so  much 
in  the  still  somewhat  complicated  technical 


aspects  of  television,  but  rather  as  to  how 
much  home  television  might  adversely 
affect  their  boxoffice  receipts,  how  much 
theatre  television  might  increase  those  re- 
ceipts, and  if  such  increase  will  be  justified 


Picking  up  the   television  picture  in  the  studio 
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by  the  heavy  expense  of  the  extra  equip- 
ment required.  These  questions  lie  very 
close    to   home. 

I  irst  let  us  consider  the  problems  of  the 
transmission  of  television.  As  television  pro- 


rather  than  following  the  curvature  of  the 
earth  as  do  sound  waves.  It  is  therefore 
necessary  to  have  a  large  number  of  broad- 
cast stations  in  order  to  serve  the  entire 
country,  as  the  limits  of  short  wave  broad- 
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Diagram  showing  direction  followed  by  television  waves 

To  accommodate  the  wide  frequency  range  of  the  television  signal,  very  high  frequency 
(short  radio  waves)  must  be  used.  These  do  not  bend  readily  around  the  earth's  curvature, 
and  travel  in  nearly  straight  lines  like  light 

The  useful  range  of  a  television  transmitter  is  usually  limited  to  the  line  of  sight  distance 
from  the  antenna  to  the  horizon 


grams  cannot  be  successfully  transmitted 
over  ordinary  telephone  wires  except  with 
the  installation  of  expensive  equalizers  at 
intervals  of  about  every  half  mile,  there  are 
just  two  other  possible  methods  of  trans- 
mission— one  by  means  of  co-axial  cable, 
and  the  other  through  the  air  from  tele- 
vision  broadcast  stations. 

Television  Broadcast  Stations 

Transmission  through  the  air  by  means 
of  television  broadcast  stations  has  its  draw- 
backs. We  must  remember  that  television 
waves  are  similar  in  nature  to  light  waves 
and    therefore    travel     in    a    straight     line, 


casting  would  fall  within  a  radius  of  some- 
where from  30  to  150  miles  around  each 
station. 

Today  there  are  relatively  few  televi- 
sion broadcast  stations.  Once  again  we 
are  confronted  with  the  problem  of  con- 
struction, not  to  mention  the  tremendous 
investment  which  would  be  required  to 
establish  the  many  stations  necessary  to 
cover  the  nation  adequately. 

Home  Television  Sets 

The  emphasis  is  rather  on  home  tele- 
vision sets  than  on  theatre  television. 
Theatre  television  sets  are  complicated  af- 
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fairs  which  require  far  more  time  and  ex- 
pense to  manufacture  than  do  those  for  the 
home.  In  a  pioneering  enterprise  such  as 
television,  it  is  good  policy  to  begin  with 
the  simpler  forms,  and  then  progress  from 
that  point  as  circumstances  dictate. 

In  view  of  the  limited  area  now  acces- 
sible  to   television   transmission,   there  is  a 


of  the  motion  picture  theatre  industry. 
Well,  we  now  have  a  radio  set  in  virtually 
every  home,  and  yet  both  the  radio  and  the 
theatre  industries  have  been  showing  con- 
siderable gains  by  every  possible  standard 
of  comparison.  The  appearance  of  motion 
picture  stars  on  radio  programs  has  en- 
hanced   their    boxoffice    appeal,    while    the 


RADIO  TRANSMITTER 
ANTENNA 


RADIO  WAVE  FRONTS 


Contrasting   diagram   to    show   curvature   of   sound   waves. 

Long  radio  waves  (relatively  low  frequencies)  tend  to  follow  around  the  curvature  of 
the  earth's  surface.  They  bend  easily  around  obstacles  such  as  mountains  or  high  buildings 
in  their  paths 

Such  waves  could  be  used  for  television  broadcasting,  but  there  is  not  room  enough 
for  many  television  stations  in  these  lower  frequencies  because  the  signals  from  just  one 
station  would  occupy  a  wider  band  than  the  entire  present  radio  broadcast  band 


feeling  in  some  quarters  that  the  theatre 
offers  far  too  small  a  market  to  justify  the 
heavy  investment  involved.  The  intro- 
duction of  television  sets  into  the  home 
would  further  the  process  of  public  educa- 
tion on  the  subject,  and  pave  the  way  for 
an  acceptance  of  theatre  television. 

In  the  minds  of  many  exhibitors  rests 
the  fear  that  a  tremendous  expanse  of  home 
television  sets  will  keep  people  away  from 
the  theatre.  One  might  draw  the  attention 
of  these  exhibitors  to  the  pessimists  of 
1922  or  thereabouts  who  said  that  a  radio 
set  in  every  home  would  mean  the  collapse 


radio  industry  has  enriched  the  screen  by 
creating  radio  personalities  who  have  later 
become  motion  picture  stars. 

There  is  no  reason  why  television  should 
compete  with  either  motion  pictures  or 
radio  any  more  than  these  two  do  with  each 
other.  Each  has  its  own  special  attractions, 
and  each  will  continue  to  build  its  growth 
upon  those  special  features.  Our  daily  diet 
of  foods  comprises  a  wide  variety,  in  spite 
of  the  fact  that  we  could  manage  to  sta) 
alive  by  confining  ourselves  to  a  few  com- 
mon and  plentiful  articles.  The  appetite 
of  the  American  people  for  entertainment 
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Television  pick-up  camera 


is  just  as  varied. 

Limitations  of  Television 

Before  we  consider  further  the  effects 
of  television  on  theatre  attendance,  let  us 
recognize  and  investigate  its  present  limita- 
tions. 

1.  The  majority  opinion  is  that  televi- 
sion pictures  are  not  sufficiently  clear  to 
compare  with  the  standards  set  by  such  a 
medium  as  motion  pictures. 

2.  The  picture  in  home  television  sets 
is  too  small. 

3.  Television  transmission  is  subject  to 
interference  from  high  buildings  and  dia- 
thermy, which  often  destroy  or  seriously 
impair  the  image. 

4.  Home  television  sets  have  been  too 
expensive  in  relation  with  the  amount  of 


entertainment  which  they  afford,  and  it  is 
only  natural  that  the  more  complicated 
theatre  sets  would  be  even  more  costly. 

5.  Television  is  seriously  hampered  as 
regards  program  material. 

The  first  three  subjects  mentioned  all 
involve  technical  difficulties,  and  will  be 
cleared  up  with  future  research  and  de- 
velopment. 

The  question  of  expense  involves  two 
factors — the  cost  of  the  transmission  of 
programs  and  the  cost  of  receiving  sets. 
Television  programs  are  expensive,  and 
broadcasters  can  hardly  be  expected  to 
shoulder  the  load  for  long  unless  they  see 
a  possibility  of  some  return  on  their  invest- 
ment, just  as  the  exhibitor  will  hesitate  to 
make  a  heavy  initial  investment  in  televi- 
sion equipment  without  some  possibility  in 


THEATRE  TELEVISION 


427 


view  of  a  reasonable  return. 


Theatre  Television 


While  speaking  of  theatre  television,  I 
might  mention  that  there  seems  to  be  a 
mistaken  idea  among  many  theatre  owners 


by  the  high  magnifying  powers  of  the 
mirror  is  corrected  through  the  use  of  a 
weak  aspherical  lens  which  is  ground  to 
produce  a  counter-distortion  balancing 
that  of  the  mirror. 

The    question    of    projecting    the    image 


FLUORESCENT  COATING  ON  INSIDE 
OF  GLASS  ENDWALL  OF  TUBE.  SPOT  OF 
LIGHT  IS  PRODUCED  WHERE 
BEAM  STRIKES 


Structure  of  cathode  ray  tube  employed  in  television 

Pictured  above  is  the  cathode  ray  tube  used  for  reproducing  television  picture  images. 
The  electron  gun  structure  produces  a  narrow  pencil  or  beam  of  electrons  varying  in 
strength  in  accordance  with  variations  in  the  television  signal.  When  this  beam  strikes 
the  fluorescent  coating,  a  "glow"  or  light  spot  is  produced — the  stronger  the  beam,  the 
brighter  is  the  spot.  By  external  means  not  shown  the  beam  is  caused  to  move  back 
and  forth  across  the  end  of  the  tube  in  a  series  of  lines  exactly  synchronized  with  the 
scanning  action  in  the  television  signal  pick-up  tube.  Light  and  dark  areas  in  the  original 
scene  are  thus  reproduced  in  order  on  the  fluorescent  coating.  All  of  this  action  occurs 
so  rapidly  that  one  cannot  see  the  lines  or  their  brightness  variations,  but  only  the  com- 
plete built-up  scene.  Thirty  such  scenes  are  presented  each  second,  and  thus  the  illusion 
of  continuous  motion  is  obtained. 


that  motion  picture  equipment  may  be 
adapted  to  television,  or  that  some  day 
there  will  be  a  combination  machine  which 
will  project  both  motion  pictures  and  tele- 
vision. The  exhibitor  who  waits  for  some 
such  piece  of  apparatus  before  replacing 
his  booth  equipment  will  wait  until  he  is 
laid  away  in  his  grave,  for  the  two  types 
of  equipment  have  nothing  in  common. 
Theatre  television  programs  are  "pro- 
jected" from  the  end  of  the  cathode  ray 
tube  on  a  large  spherical  mirror  which 
faces  the  screen.     The  distortion  produced 


of  the  cathode  ray  tube  on  to  a  large  screen 
was  simply  a  matter  of  reflective  optics, 
and  never  constituted  a  problem  in  itself. 
The  difficulty  lay  in  obtaining  sufficient 
light,  which  has  finally  been  solved  to  a 
certain  degree  by  employing  high  voltage 
kinescope  tubes,  some  of  which  operate  at 
as  high  as  80,000  volts.  While  these  do 
not  equal  the  brilliance  of  high  intensity 
arc  lamps,  they  are  sufficient  for  ordinary 
purposes  of  projection. 

This  difference  in  light  between  the  mo- 
tion   picture    projector    and    the    television 
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projector,  however,  is  sufficient  to  create 
a  problem  in  regard  to  the  screen.  Tele- 
vision cannot  afford  the  light  loss  of  some 
1 5  percent  which  is  occasioned  by  the  per- 
forations of  the  sound  screen  of  the  mo- 
tion picture  theatre.  As  a  consequence, 
television  has  been  forced  to  resort  to  a 
beaded  screen,  and  unless  projection  bril- 
liance is  increased  in  the  future,  any  thea- 
tre projecting  television  would  have  to  sub- 
stitute a  beaded  screen  (or  perhaps  obtain 
one  of  the  recently  developed  plastic 
screens,  which  show  a  gain  in  brightness, 
but  are  still  quite  expensive).  The  use 
of  a  beaded  screen  would  mean  in  turn 
that  speakers  would  have  to  be  placed  at 
the  side  of  the  screen,  necessitating  a  con- 
siderable adjustment  of  the  speaker  ar- 
rangement of  the  sound  system. 

The  location  of  the  television  projector 
is  another  question  to  be  considered,  as  the 
projection  throw  is  limited  in  comparison 
with  that  of  the  motion  picture  projector. 
Any  talk  of  placing  the  television  projec- 
tor in  one  of  the  aisles  is  out  of  the  ques- 
tion, and  the  idea  of  having  it  raised  and 
lowered  by  a  system  of  overhead  pulleys 
does  not  sound  too  feasible.  Any  theatre 
which  has  a  balcony  reasonably  close  to  the 
screen  would  have  an  ideal  location. 

Television   Programs 

When  we  turn  to  a  consideration  of  pro- 
gram material,  the  limitations  of  television 
as  it  exists  become  apparent.  We  must 
remember  that  television  is  being  thrown 
into  comparison  with  motion  pictures  and 
radio,  which  have  already  attained  high 
standards  of  quality. 

Supposing  that  most  of  the  technical  dif- 
ficulties in  television  become  ironed  out 
and  it  is  installed  in  a  theatre,  what  type 
of  programs  would  be  exhibited? 

There  would  be  no  purpose  in  having 
staged  dramatic  presentations,  as  these  can 
be  handled  far  more  satisfactorily  by 
means  of  motion  pictures.  The  majority 
of  radio  programs  do  not  lend  themselves 


to  visual  presentation,  at  least  not  suf- 
ficiently to  justify  the  heavy  extra  expense 
of  television.  Television  would  therefore 
have  to  confine  itself  principally  to  actual 
happenings,  such  as  sports,  political  and 
social  events,  and  there  are  hardly  a  suf- 
ficient number  of  these,  which  could  be 
arranged  for  in  advance,  to  present  a  con- 
tinuous or  well  balanced  program. 

Theatre  television,  therefore,  is  not  so 
much  a  technical  and  engineering  problem 
as  it  is  a  commercial  and  "theatre"  one. 
It  has  been  suggested  that  a  theatre  pos- 
sessing television  equipment  might  inter- 
rupt its  regular  program  to  show  a  news 
event  just  as  it  was  happening.  This  might 
be  a  good  idea  as  regards  those  rare  and  mo- 
mentous events  which  engross  the  interest 
and  attention  of  the  entire  country.  The 
flashing  of  the  last  inning  of  the  world's 
series  might  interest  a  great  part  of  the 
audience,  but  the  sweet  old  lady  who  was 
absorbed  in  a  throbbing  melodrama  would 
take  a  rather  dim  view  of  the  procedure. 
One  can  imagine  the  feelings  of  a  man 
who  found  the  comedy  drama  which 
he  was  enjoying  interrupted  by  a  speech 
from  a  politician  who  was  laying  a  wreath 
on  a  monument.  There  is  no  question  but 
that  the  emotional  value  of  any  feature 
picture  would  be  ruined  if  it  were  inter- 
rupted by  a  news  flash,  and  this  would  re- 
sult in  driving  patrons  away  from  a  the- 
atre with  television,  rather  than  attracting 
them  to  it. 

A  more  practical  suggestion  would  be 
to  utilize  the  new  process  which  develops 
film  within  a  minute  after  the  subject  has 
been  photographed,  and  then  projecting 
the  film  from  the  motion  picture  projec- 
tors. This  would  enable  a  theatre  to  pre- 
sent virtually  up-to-the-minute  news 
flashes,  but  again  it  is  doubtful  if  programs 
of  sustained  interest  could  be  maintained, 
and  if  an  appreciably  larger  number  of  pa- 
trons could  be  attracted  than  now  fre- 
quent the  news-reel  theatres  of  the  larger 
cities. 

Still    another    suggestion    calls    for    the 
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chain  television  projection  of  motion  pic- 
ture features  and  news  events  from  a  cen- 
tral point.  This  no  doubt  will  soon  be 
technically  possible,  but  it  would  run  into 
the  difficulties  of  time  and  schedule  dif- 
ferences, and  the  varying  tastes  of  geo- 
graphical localities  and  social  levels.  The 
small  saving  in  film  cost  and  other  items 
would  hardly  compensate  for  the  many 
inconveniences. 


Any  theatres  which  did  have  equipment 
installations  would  therefore  have  to  fea- 
ture television  as  an  added  attraction  or  a 
novelty — and  television  should  not  be  pre- 
sented as  a  novelty  if  it  is  to  have  enduring 
success.  A  novelty  is  something  which  a 
person  sees  only  once  or  a  few  times,  and 
the  expense  of  television  is  too  great  to 
justify  an  installation  based  on  any  such 
ephemeral  attendance. 


"Jones,    you    have    now    been    employed    by    me    as    a   projectionist 
for    five    years.    As    a   token    of    my    appreciation,    you    will    hence- 
forth be  addressed  as  Mr.  Jones." 
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Theatre  Television  Equipment 


Contrasts  W/th  Motion  Victure  Vrojectors 


By  FRED  C.  MATTHEWS 


Perhaps  there  is  no  subject  which  has 
aroused  so  much  enthusiasm  and  which 
is  yet  so  little  understood  as  television. 

There  is  but  scant  acquaintance  with 
the  problems  of  commercial  marketing,  of 
broadcasting,  and  of  transmission — much 
less  with  the  technical  and  legal  aspects  in- 
volved— but  the  fact  remains  that  all  of 
these  difficulties  must  be  cleared  up  before 
television  becomes  the  new  entertainment 
medium  which  we  all  hope  that  it  some  day 
will  be. 

The  same  lack  of  information  seems  to 
prevail  in  regard  to  television  equipment 
for  the  theatre.  Many  exhibitors  believe 
that  theatre  television  is  in  the  immediate 
offing,  but  with  no  clear  idea  as  to  the 
character  and  cost  of  the  equipment,  the 
type  of  programs  to  be  offered,  and  as 
to  how  those  programs  might  be  coordi- 
nated into  their  present  activities. 

Confusion  on  Projectors 

Publicity  releases  of  some  companies 
which  contemplate  the  manufacture 
of  theatre  television  projectors  have  been 
receiving  a  considerable  amount  of  atten- 
tion. While  some  of  this  information  has 
been  quite  helpful  in  explaining  theatre 
television  equipment,  an  erroneous  idea  still 
persists  that  theatre  television  manufac- 
turers are  going  to  produce  equipment  that 


will  serve  both  for  television  and  for  thea- 
tre sound  reproducing  and  motion  picture 
projection   equipment. 

Television  projection  is  based  upon  re- 
flective optics.  The  image  of  the  cathode 
ray  tube  is  reflected  into  a  large  spherical 
mirror,  and  thence  after  passing  through  a 
weak  aspherical  lens  to  correct  distortion,  is 
projected  upon  a  beaded  screen.  Suffi- 
cient brilliance  is  obtained  through  the  use 
of  high  voltage  kinescope  tubes. 

We  are  not  going  to  have  any  type  of 
combination  equipment  that  will  combine 
television  and  motion  picture  projection, 
nor  has  the  claim  ever  been  advanced  by 
any  responsible  person  that  we  would  have. 
The  idea  seems  to  have  originated  in  the 
minds  of  a  few  theatre  owners  who  imag- 
ined that  a  piece  of  projection  equipment 
could  be  made  to  project  anything  with  a 
few  little  changes  and  extra  gadgets.  The 
principles  underlying  television  and  motion 
picture  projection  are  so  utterly  dissimilar 
that  there  is  no  common  groundwork  for 
the  construction  of  equipment  which  could 
combine  and  perform  the  functions  of  both. 

Must  Have  Both  Types 

When  theatre  television  does  come,  the 
programs  will  necessarily  be  limited  both  as 
to  scope  and  subject  matter,  and  must  there- 
fore be  exploited  as  an  added  attraction  to 
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the  exhibition  of  motion  pictures.  The  mo- 
tion picture  theatre  was  founded  upon  mo- 
tion pictures,  and  these  must  always  con- 
tinue as  its  principal  stock  in  trade.  Any 
theatre  which  combines  television  with  pic- 
tures must  go  to  the  expense  of  obtaining 


correct  type. 

3.  Generator  or  rectifiers. 

4.  A  complete  modern  theatre  sound  re- 
producing system,  with  sound  reproducers, 
amplification    and    loudspeaker    systems. 

5.  A  sound  screen. 


Side  view  of  a  television  projector.    All  covers  are  off,  and  tube,  chassis,  lens,  etc., 

are  in  position 


both  types  of  equipment. 

For  the  projection  of  sound  motion  pic- 
tures, such  a  theatre  must  have  the  follow- 
ing equipment: 

1.  A  pair  of  motion  picture  projectors, 
consisting  of  mechanisms,  upper  and  lower 
magazines,    bases,    lenses    and    changeovers. 

2.  A  pair  of  modern  arc  lamps  of   the 


Television  Equipment 

In  order  to  handle  television,  the  follow- 
ing theatre  television  equipment  must  be 
provided  as  well. 

1.  A  television  projector,  comprising  a 
high  voltage  cathode  ray  tube,  a  complex 
projection  optical  system,  a  high  voltage 
rectifier  for  the  cathode  rav  tube,  and  other 
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associated  equipment. 

2.  Amplifier  units,  comprising  video- 
amplifiers,  various  kinds  of  synchronizing 
pulse  generators,  and  sweep  voltage  gen- 
erators, plus  their  power  supply  equipment. 

3.  Equalization  and  switching  equipment 
which  would  constitute  the  link  between 
the  incoming  sound  signal  and  the  theatre's 
sound  reproducing  system.  Included  in  this 
equipment  would  be  facilities  for  monitor- 
ing the  incoming  sound  signal. 

4.  A  control  rack  or  console,  with  all 
necessary  controls  and  visual  monitoring 
apparatus. 

5.  A  private  telephone  line  between  the 
theatre  and  the  central  control  studio. 


Necessary  Equipment 

From  even  this  brief  outline,  it  will  be 
apparent  to  anyone  that  there  is  no  point 
of  similarity  between  a  television  projector 
and  the  motion  picture  projector  with 
which  every  projectionist  is  familiar.  If 
the  motion  picture  theatre  owner  decides 
to  employ  television  when  it  is  available, 
he  must  be  prepared  to  provide  himself 
with  both  types  of  equipment. 

Arc  lamps  and  rectifiers  or  generators 
are  other  types  of  equipment  which  are 
employed  in  motion  picture  projection,  but 
which  could  not  be  utilized  in  currently 
planned  theatre  television  systems. 

A    modern    theatre   sound   system   could 


Top  view  of  television  projector  chassis,  showing  interplug  connections   (left  to  right 
— video   amplifier   and   sound   receiver,   time  base,   vision   receiver) 
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be  employed  both  to  reproduce  the  sound 
recorded  on  the  film  and  the  incoming 
sound  signal  from  the  television  station. 
The  manufacturer  of  the  television  cquip- 


Thc  lesser  degree  of  brilliance  of  theatre 
television  requires  the  purchase  of  a  beaded 
screen,  in  order  to  avert  the  loss  of  light 
caused    by    the    perforations    in    the    sound 


Front  view  of  television  projector,  with   lens  cover  removed 


ment,  however,  would  have  to  supply  the  screen.     The  use  of  a  beaded  screen  would 

necessary  equalization  and  switching  equip-  require  that  the  speakers  be  placed  at  the 

ment   to  interconnect   the    theatre    televi-  side  of  the  screen,  and  would  make  neces- 

sion    and    the    theatre    sound    reproducing  sary    some    adjustments    in    the    theatre's 

equipment.  sound  system.     Perhaps  a  perforated  plas- 
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Television  projector,  rear  view,  with  meter  panel  open 


tic  screen  will  be  designed  that  will  retain 
sufficient  brilliance  so  that  it  may  be  used 
both  for  the  projection  of  television  and 
sound  motion  pictures. 

Good  Sound  Essential 

In  mentioning  that  the  sound  system 
and  the  screen  could  serve  a  dual  purpose 
for   motion    pictures     and    for     television, 


there  is  one  important  factor  which  must 
be  borne  in  mind.  Because  of  certain  tech- 
nical difficulties  in  television,  and  because 
of  the  greater  experience  and  more  exten- 
sive facilities  of  the  Hollywood  studios,  it 
is  improbable  that  the  televised  picture 
will  approach  the  high  degree  of  quality 
that  has  been  attained  by  the  3  5  mm.  film. 
It  is  therefore  desirable  that  the  exhibitor 
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do  everything  possible  to  enhance  the  qual- 
ity of  the  televised  picture.  This  may  be 
accomplished  by  obtaining  a  new  screen 
and  a  modern  sound  system  with  plenty  of 
amplifier  power  and  a  good  loudspeaker 
system. 

As  a  matter  of  fact,  a  good  theatre  sound 
reproducing  system  will  become  even  more 
essential  after  theatre  television  becomes 
art  actuality,  granting  the  important  place 
that  it  now  occupies  in  the  presentation  of 
talking  pictures.  The  better  grade  theatre 
sound  systems  currently  being  manufac- 
tured will  not  only  give  better  sound  re- 
sults in  motion  picture  presentation,  but 
enhance  the  entertainment  value  of  theatre 
television. 

Theatre  Television 

What  has  been  said  above  relates  only 
to   theatre    television   equipment.    The   ex- 


hibitor must  bear  in  mind,  however,  that 
theatre  television  must  be  considered  in  all 
of  its  aspects.  There  is  no  doubt  but  that 
the  public  will  flock  to  the  theatres  when 
television  is  first  presented,  but  that  in- 
terest must  be  sustained  if  the  expense  of 
television  equipment  installation  is  to  be 
justified. 

In  any  event,  it  is  logical  that  the  owner 
of  a  motion  picture  theatre  should  concern 
himself  in  the  future  chiefly  with  motion 
pictures.  If  he  installs  the  best  possible 
projection  and  sound  equipment  in  his 
booth,  he  will  be  able  to  provide  better 
motion  picture  presentation  for  his  patrons 
at  the  present,  and  better  television  pres- 
entation when  the  proper  time  comes. 

Whether  or  not  television  is  ever  in- 
stalled in  all  theatres,  the  exhibition  of 
motion  pictures  is  still  going  to  be  the 
big  revenue  producer. 
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Is  New  Sound  Coming? 


By  R.  T.  VAN  NIMAN 


Is  new  sound  coming?  Yes!  Definitely! 
Films  will  certainly  carry  more  sound 
tracks  than  the  present  single  one. 

Today  we  cannot  tell  exactly  how  many 
sound  tracks  there  will  be  on  films,  but 
in  our  opinion  it  is  probable  that  the  in- 
dustry will  adopt  the  system  having  three 
separately  recorded  and  reproduced  sound 
channels,  complete  from  sound-stage  re- 
cording microphone  to  loudspeakers  be- 
hind the  theatre  screen.  The  film  will  have 
three  major  sound  tracks  and  an  auxiliary 
track  to  control  the  three  major  tracks. 
With  this  system,  true  stereophonic  sound 
reproduction  will  be  obtained — that  is, 
sound  that  has  depth  and  direction,  as  it 
does  in  real  life.  All  the  proven  benefits 
of  control  track  reproduction,  such  as  re- 
duced film  noise  levels  and  vastly  superior 
reproduction  of  the  very  high  and  very  low 
sound  levels,  will  be  automatically  realized. 

To  those  who  have  heard  the  results 
from  equipment  of  this  kind,  it  seems 
obvious  that  the  public  will  accept — and 
then  demand — the  true  naturalness  and  in- 
creased dramatic  scope  provided  by  these 
developments  in  the  field  of  sound  motion 
pictures. 

Every  theatre  owner  reading  about  ster- 
eophonic sound  naturally  will  have  a  num- 
ber of  queries.  He  will  ask,  among  other 
things,  "Will  the  cost  of  this  new  equip- 
ment be  covered  by  increased  box  office 
receipts?" — "What  sort  of  new   reproduc- 


ing equipment  will  be  required?" — "Can 
any  of  my  present  sound  equipment  still 
be  used?" 

The  first  query  has  already  been  partially 
answered  by  the  public.  The  investment  in 
new  equipment  certainly  will  be  justified, 
for  the  war,  if  anything,  has  established 
sound  motion  pictures  more  firmly  as  the 
world's  number  one  entertainment  medium, 
and  any  improvement  in  their  presentation 
is  bound  to  reflect  in  increased  box  office. 
More  than  ever  before,  however,  it  will  be 
necessary  to  purchase  the  best  quality 
equipment,  carefully  designed  to  suit  the 
auditorium  in  which  it  is  to  be  utilized,  as 
otherwise  one  will  not  obtain  all  the  bene- 
fits of  stereophonic  sound. 

Modern  Sound  Systems 

The  query  as  to  the  extent  cf  new  equip- 
ment to  be  required  cannot  be  answered 
with  certainty  at  this  time.  The  type  and 
amount  of  new  equipment  required  will 
depend  upon  the  kind  of  recording  and 
reproducing  system  finally  adopted  by  the 
industry.  We  are  reasonably  certain,  how- 
ever, that  the  multiple  tracks  used  in  the 
reproducing  system  finally  adopted  will 
occupy  the  same  amount  of  space  on  the 
film  as  the  present  single  track,  so  that  no 
changes  will  have  to  be  made  in  projector 
mechanisms  on  account  of  a  wider  film,  nor 
will  it  be  necessary  to  have  more  than  two 
sound  heads  per  sound  system. 
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In  order  to  give  some  idea  of  what  may 
be  needed  in  the  way  of  new  sound  repro- 
ducing equipment,  let's  assume  that  the 
system  of  three  sound  tracks  and  one  con- 
trol track  outlined  above  is  adopted.  There 
will  be  needed,  as  an  absolute  minimum, 
two  sound-heads  with  optical  systems  cap- 
able of  picking  up  sound  from  the  three 
major  sound  tracks  and  from  the  control 
track;  three  sets  of  amplifiers  for  the  major 
sound  channels  and  an  auxiliary  set  with 
separation  niters  and  control  frequency  rec- 
tifiers for  the  control  track;  and  three  loud- 
speaker systems  on  the  stage.  The  loud- 
speaker systems  would  be  of  the  modern 
two-way  type  using  multi-cellular  high-fre- 
quency horns  and  efficient  high-frequency 
units,  large  folded  low-frequency  horns  or 
baffles  with  cone  type  low-frequency  units, 
and  suitable  networks  for  dividing  the 
electrical  energy  between  the  high  and  low- 
frequency  speakers.  In  addition  to  the 
components  noted,  the  usual  power  units, 
switching  facilities,  interconnection  cables, 
etc.,  will  be  needed  to  complete  the  sound 
reproducing  system. 

In  the  smaller  theatres  not  having  suffi- 
cient stage  space  for  loudspeaker  equip- 
ment of  this  kind,  it  is  possible  that  less 
complex  loudspeaker  equipment  might  be 
available  that  will  give  the  owner  and 
patrons  of  the  smaller  theatre  some  of  the 
benefits  of  stereophonic  sound. 

From  this  outline  it  may  quickly  be  ob- 
served that  no  theatre  at  this  time  has  all 
of  the  necessary  equipment,  and  it  is  there- 
fore obvious  that  the  theatre  owner  will 
need  to  purchase  new  equipment. 

Many  Additions  Necessary 

This  brings  us  to  the  third  query,  that  is, 
whether  any  of  the  present  equipment  still 
can  be  used.  In  the  recording  and  reproduc- 
ing system  we  have  been  discussing,  it 
would  be  necessary  to  have  the  present 
sound  reproducers  rebuilt  to  incorporate 
the  additional  optical,  mechanical  and  elec- 
trical apparatus  for  sound  pickup  from 
multiple  track  recordings.  Unfortunately, 
most  reproducers  manufactured  in  the  past 


are  of  such  small  size  that  there  just  isn't 
room  in  the  reproducers  themselves  to  ac- 
commodate any  additional  components.  So, 
unless  the  sound  system  employs  the  Mir- 
rophonic  75  00  type  reproducer  or  other 
modern  type,  it  will  be  necessary  for  the 
theatre  owner  to  replace  his  present  re- 
producers with  new  ones. 

If  the  present  sound  equipment  includes 
a  modern  two-way  loudspeaker  system,  it 
is  quite  possible  that  it  could  be  used  as  a 
nucleus  for  the  multi-channel  speaker  sys- 
tem by  adding  to  it  suitable  additional 
speaker  components.  It  is  possible,  too, 
that  existing  amplifiers  could  be  retained, 
although  they  would  need  considerable 
modification,  and  additional  amplifier  chan- 
nels would  be  required.  All  in  all,  the 
changes  required  in  order  to  take  full  ad- 
vantage of  the  capabilities  of  the  multi- 
sound  track  recording  and  reproducing 
system  are  so  great  that  it  would  probably 
be  just  as  desirable  in  most  cases  to  trade 
off  the  existing  system  as  a  unit,  and  buy 
an  entirely  new  system. 

Period  of  Adjustment 

I  find  as  I  progress  that  I  automatically 
create  questions  in  the  mind  of  our  theatre- 
owner  friends,  and  no  doubt  many  a  one 
will  say,  "Do  I  have  to  have  a  new  system 
capable  of  reproducing  this  new  type  of 
recording  immediately?"  To  this  question 
I  say  "No,"  because  the  manufacture  of 
stereophonic  sound  systems  will  follow  the 
manufacture  of  sound  systems  adaptable 
to  stereophonic  sound.  So  if  a  theatre 
owner  needs  a  new  sound  reproducing  sys- 
tem— and  many  of  them  do — then  it  would 
be  desirable  to  buy  a  standard  sound  system 
which  can  be  quickly  adapted  to  reproduce 
stereophonic  sound  at  the  time  when  sound 
on  most  pictures  is  recorded  on  multiple 
tracks. 

Some  have  said  that  the  difference  be- 
tween stereophonic  sound  reproduction  and 
that  offered  by  most  pre-war  models  repre- 
sents just  as  great  a  change  as  the  change 
from  the  entertainment  offered  by  the 
movies    of     the    silent    era     to     the    first 
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"Talkies."    If  that  be  true,  then  every  alert       ing  the  day  when  he  can  assure  his  patrons 
theatre  owner  should  be  anxiously  await-       of  the  last  word  in  entertainment. 


"I  always  see  spots  before  my  eyes  when  I  go  to  the  movies." 

"Do  your  new  glasses  help?" 

"Oh,  yes — now  I  can  see  the  spots  much  better." 
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Aberration,  chromatic — 149 

Accidents — 351 

Accounting— 335-336,   360-362 

Ace  Reel  End  Alarm — 97-99 

Acoustical  design — 266-275,  283,  287 

Acoustical   materials — 276-279,   282-286,   287- 

292,  294-297 
Acoustical  problems — 266-267,  293-297 
Acoustics,  theatre — 264-281,  282-286,  287-292, 

293-297,   366 
Actuators,  fire  shutter — 69 
Advertising— 334-335,  346,  357-360 
Air  conditioning — 279,  380-389 
Air  gap — 178-180 
Altec  Speakers — 244-248 
Alternating  current — 169-171,   184,  202,  204, 

208-214 
Ampere — 196,  203-204 
Amplifiers — 202,  203-232,  234 
Anode— 184,  205,  207,  210,  212 
Aperture — 52,  62-63,  141 
Aperture  removal — 137,   139 
Aperture   spot — 149,    151,    154-155,    156,    166 
Arc    lamps — 39,    149-155,    155-156,    157-162, 

163-168,  170-174,  184,  313-314,  418 
Arc  lamps,  Cyclex — 157-162 
Arc  lamps,  fire  regulations — 28 
Arc  lamps,  One-kilowatt — 174,  186 
Arc  lamps,  Reflector-type — 163-167,  418 
Arc    lamps,    Suprex— 149-155,    155-156,    158, 

174 
Armature — 182 
Asphalt  roofs — 391-392 
Assembly,  film  track — 61-63,  116,  119-120 


B 

Baffles — 236-238 

Ball  bearings — 46-47,  56,  84-88,  136-137,  180 
Ballast  resistors — 156,    172,   174 
Base,    projector — 54 
Beaded  screens — 305-307,  428,  433 
Beams — 395 

Bearings— 38,  41,  56,  63,  87-88,  136-137,  15% 
179-180 


Belts— 192-194 

Bookings — 332,  346 

Booth  supplies — 298-302 

Box-office — 344 

Brightness,   screen — 305-306 

Brushes — 178,   181-183 

Building  maintenance — 390-398 


Cabinets,  film — 19-20,  31,  299-300,  302 

Cans,  scrap  film — 20,  301-302 

Carbon  dust — 168 

Carbon  guide — 151,   156 

Carbon  holders— 152-154,   170 

Carbon  savers — 152 

Carbons— 150-155,     155-156,     159-160,     163, 

165,  174,  313,  324 
Carpets— 268,  367-371,  400 
Carpets,  care  of — 343,  397 
Cathode — 184,  205-206,  216 
Cathode  ray  tube — 427 
Cell,  photoelectric — 195-202,  204-205 
Cement,  film — 145 
Chain  drives — 190-192 
Chairs,  theatre— 342-343,  363-366,  400 
Changeover— 72,   128,   129,  319 
Changeover,  adjustment  of — 139 
Chicago  theatre  regulations — 26-32 
Chimneys — 394 

Choke  coil— 171,  207-209,  211-212 
Circuits,     amplifier — 202,     206-214,     215-217, 

220-221,  232 
Circuits,  field— 260 
Circuits,  filter — 205-206,  217 
Circuits,  generator — 175-176 
Circuits,  single   phase — 184-186 
Circuits,  three  phase — 161,  184-186 
Coated  lenses — 100-102,  103-104 
Coaxial   cable — 214 
Coil,  armature — 182 
Coil,  choke— 171,  207-209,  211-212 
Coil,  magnet — 152 
Commutator — 172,  182-183 
Complaints — 351 
Condensers— 170-171,  207-213,  215 
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Condensing    unit — 381-385 

Cooling   system — 380-386 

Copings— 342,  390-391,  395 

Counter   flashing— 391,   395 

Couplings — 180 

Crater— 151-155,   156,   163,   170 

Cross-modulation — 220 

Crossover  network — 233-234,  246 

Cue    marker — 148 

Cue  marks — 147-148,  319 

Current,  electric — 160-162,  169,  171,  174,  184, 

195-196,  201-202,  203-214,  215-216,  260 
Cyclex  arc  lamp — 157-162 


D 


Date   snipes — 344-345 

Decibels — 218 

Deck   structures — 394 

Degeneration — 222 

Depreciation — 360-362 

Direct    current— 170-171,    184,    201-202,    204, 

208-213 
Display  frames — 343-345,  400 
Display  letters — 343,  378-379 
Distortion— 106,  217,  220-222,  260-261,  303- 

304 
Doorman — 349-350 
Doors— 342,  396,  400 
Downspouts — 393-394,  399 
Dowser — 152,  154 
Draperies— 272-274,  372-376,  400 
Drive-In  theatres — 403-422 

Arc  lamps — 163-167,  314,  418 

Buildings— 407,   411-414 

Concession   stand — 403,   413-414 

Cost — 405,   414 

In-car  speakers — 415-416,  419-420 

Junction  boxes — 408-411,  415-416,  420-421 

Location — 404-405 

Paving — 414 

Power  supply  equipment — 421-422 

Projection   equipment — 412-413,   416-419 

Projection  room — 412-413 

Ramp   construction — 405-408 

Screen  tower — 411-412 

Sound  equipment — 414-416 

Wiring— 408-411,  421 
Drives— 126-127,    190-194,    196 


Effect  machines — 14,  20,  30,  174 
Electrical   circuits — 203-204,   206-214,   256 
Electromagnetism — 207,  210-213 
Electro-magnets — 210,  240 
Electronic  tubes — 203-208,  211,  216 
Electrons— 203-206,  208-210,  216 
Employees— 333-334,  337,  348-352,  353-356 


Exciter  lamp — 197-202,  206 

Exits,  fire — 342 

Extinguishers,  fire — 398-399,  400 


Farad— 208 

Feedback,  reverse — 232 

Film  cabinets — 19-20,  31,  299-300,  302 

Film  cans — 20,  26,  148,  301-302 

Film  cement — 145 

Film   gate— 51-52,   60,   61-62,    110,    116,    125, 

141 
Film  guide  rollers— 52,  63,  89,  117,  118,  141 
Film  path — 51,  58-61 
Film   reels — 298-299 
Film   rewinders — 20,   26,   299 
Film  rewinding — 147 
Film  splice— 141-145,  146-148,  319-320 
Film  tension — 52,  62,  88-89 
Film  threading — 58-61 
Film  tracks— 52,  62-63,   141 
Filters— 163,  205-206,  216,  314 
Fire  escapes — 342,  396,  399 
Fire  exits — 342 

Fire  extinguishers — 398-399,  400 
Fire  shutter — 53,  69 
Fire-trap    rollers— 93-95,    124,    125,    127,    129, 

147,  324 
Fires,  projection  booth — 26,  28,  325 
Flame  shield — 152 
Flashing— 342,  391,  395 
Flashlights — 343 
Flicker— 316-317 
Floors — 398 
Fly  galleries — 397-398 
Focal  length — 25,   106 
Foundations — 398 
Framing— 35,  39,  41,  52,  53,  66-68,  72,  108, 

111 
Frequency — 160-161,   197,   199,  234-238,  240- 

241,  285 
Frequency  response — 231-232 
Fuses— 24,  255-256,  339 


Gate,   projector— 51-52,   60,   61-62,    110,    116, 

125,   141 
Gear  adjustment,  shutter   drive — 112-115 
Gear,  toggle — 118-119,   120 
Gears,    projector — 46,    51,    53,    56,    109,    118, 

119,   122-123,   135-136 
Generators— 15,  24,  31,  38,  169-176,  177,  180, 

184,  188,  202,  418 
Geneva  movement — 35,  65,  74,  76 
Glyptol— 179,    181-182 
Gravel  roofs — 392 
Grid— 205-207 
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Guide,  carbon — 151 
Gutters— 393-394,  399 


H 


Headphones — 252-254 

Heater — 205-206,  216 

Heating  system — 380-383,  399 

Henries — 211 

High   frequency  speaker  units — 234-238,  241- 

242,  244-246 
Horns,  speaker — 236-238,  246-247 
House  draperies — 372 
Housekeeping — 341-343,  346 


Illumination— 154-155,  156,  158-159,  163-165, 

305-306,  312-317,  418 
Impedance — 174,   208-210,   213-214,   215 
In-car   speakers— 415-416,   419-420 
Inductance — 211 

Inductive  reactors — 207-209,  211-212,  215 
Insulation — 180-181 
Intermittent  movement — 49,  63-65,  67,  73-78. 

108,  110,  123,  138 
Intermittent    movement    adjustment — 121-122, 

139 
Intermittent   movement   removal — 49,   65,   67, 

120-121,  122,  123,  130-135 
Intermittent  sprocket — 52,  135 
Intermodulation — 220 
Inverse  feedback — 222 


Jaws,    carbon — 152-154,    170 

Junction  boxes — 408-411,  415-416,  420-421 


Lighting  fixtures — 268,  394-395,  399 

Lights,  projector— 52,  71-72,   129,   137,   139 

Lobby  displays — 345 

Lost  and  found — 351-352 

Loudspeaker  equipment — 233-243,  244-248 

Low    frequency    speaker    units — 234-238,    241, 

244-247 
Lubrication— 46-47,  92-93,  124,  130,  131,  132, 

155,  177,  179-180,  338 


M 


35,    95-97,     123-124, 


Magazine    take-up — 29, 

140-141 
Magazines— 38,    54,    90-97,    97-99,    127,    129, 

140-141 
Magazines,  fire  regulations — 29 
Magnet,  arc  lamp — 151 
Magnet  coil — 152 
Magnetism — 151,  210-213,  240 
Maintenance,      projector — 108-124,      125-141, 

338-339 
Maintenance,  sound  system — 251-263,  339-340 
Maintenance,  theatre — 341-345,  390-398 
Management,  theatre — 329-337,  338-345,  345- 

347,  348-352,  353-356,  357-360 
Marker,  cue — 148 
Marquee — 342,  396,   399 
Marquee  letters — 343,  377-379,  399 
Mats — 400 
Mirror  guards — 152 

Mirrors— 149-155,   155-156,   162,   165,   167 
Monitor  speakers — 253-254 
Motiograph,  history — 33-38,  39-41 
Motiograph    Model    AA — 44,     45-54,    55-72, 

125-141 
Motiograph  Model   K— 40,  41,   108-124 
Motor-generators — 15,    24,    31,    38,    169-176, 

177,  180,  184,  188,  202,  418 
Motors— 30,   36,    150-155,    158-161    171,    177- 

183,  196 


Kinescope   tubes— 427 
Kinetic  scanner — 198-199 


N 

Network,   loudspeaker — 233-241 
Neumade  products — 298-302 
Noise  level — 220-222 


Ladders — 397 

Lamps,    arc— 39,    149-155,    155-156,    157-162, 

163-168,  170-174,  184,  313-314,  418 
Lens  carriage — 52,  61-63,  69-70,  126,  313 
Lenses,  cleaning  of — 52,  69-70,  106-107,  125, 

155,  323 
Lenses,  coated — 100-102,  103-104,  417-418 
Lenses,  focal  lengths — 25,  106 
Lenses,  focusing  of — 52,  69-70,  108,  111,  338 
Lenses,  installing  of — 129 
Letters,  display — 343,  378-379 


o 


Ohm— 204,  207 

Operation,  theatre — 329-337 

Optigraph — 34,  35 

Optimum  reverberation  time — 265 

Oscillator — 222 


Pad  roller  adjustment — 140 
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Parapet  walls — 390-391,  395 

Pedestal,  projector — 54 

Penthouses — 394 

Permanent  magnets — 240,  245 

Photoelectric  cells — 195-202,  204-205 

Pilot  lamp  switch — 116-117 

Pin  rails — 398 

Plastered    walls — 397 

Portholes— 17,  20-21,  141,  279 

Port  shutters — 19-23,  30-31 

Port  shutters,  control  system — 19-23,  30-31 

Preamplifiers — 217 

Program  planning — 318-320,  333,  337 

Projection — 156,  312-317,  318-320,  321-326 

Projection  angle — 14,  18,  20,  23-24 

Projection  booth — 13-24,  26-32,  290-291,  297 

Projection  booth,  construction  materials — 15 

Projection  booth,  exit  doors — 15-16,  30 

Projection  booth,  floor  weight — 15 

Projection  booth,  legal  regulations — 15,  26-32 

Projection  booth  supplies — 19-20,  298-302 

Projection  lenses— 25,    100-102,    103-107,   313 

Projection  table — 25 

Projectionist,    duties    of — 27,    31-32,    318-320, 

321-326,  338-340 
Projector  bearings — 46-47,  56,  63,  86-88,  136- 

137 
Projector  drive  assembly — 53,  58,  126-127 
Projector  drive  gears — 55-58,  118,  196 
Projector  tension  shoes — 52,  61-62,  88-89,  136 
Projectors— 33-38,  39-41,  42-43,  45-54,  55-72, 

314-315,  418-419 
Projectors,  history — 33-38,  39-41,  42-43 
Projectors,  lubrication — 46-47,  124,  130,  131, 

132,  338 
Projectors,  maintenance — 108-124,  125-141 
Public  relations— 329-331,  335,  346 
Push-pull  sound — 215 


Reactors — 207-209,  211-212,  215 

Recording  of  sound — 200 

Rectifiers— 15,  31,  171-172,  174,  184-189,  202, 

418 
Reel  end  alarm — 97-99 
Reel  tension  device — 54,  90-93,  140-141 
Reels,  film— 29,  298-299 
Reflection,  sound — 265-266,  268 
Reflectors— 149-155,    155-156,    159,    162,    163, 

165,  167,  168,  170 
Regeneration — 222 
Resistors — 207 
Rest  rooms — 291,   335 
Reverberation— 265,  293-294,  296-297 
Rewind  room — 15,  19-21 
Rewind  tables — 20,  300-301 
Rewinders,  film — 20,  26,  30-31,  299 
Rewinding — 30,  147 
Rheostats — 15,  28,  31,  174 


Roebuck,   Alvah   C— 33,   34,   39 

Roller  adjustment,  pad — 140 

Rollers,  film  guide — 52,  63,   117,   118,  141 

Rollers,   fire-trap— 93-95,   124,   125,   127,   129, 

147,  324 
Rollers,  sprocket  pad — 71,  141 
Roofs— 342,  391-393 
Rotary  stabilizer — 197-199 


Scrap  film  cans — 20,  301-302 

Screen  illumination — 305-306,  312-317 

Screen  sizes— 25,  310-311,  313 

Screens — 303-307,  308-310,  310-311,  312-313, 

376,  428,  433 
Screens,  beaded— 305-307,  428,  433 
Screens,  cleaning  of — 310,  340-341 
Screens,  silver — 305-306 
Screens,  sound — 303,  308-310 
Screens,   white — 305-306,  313 
Seating — 268,  275,  303-304,  342-343,  363-366 
Shoes,    projector    tension — 52,    61-62,    88-89, 

136,   141 
Short  subjects — 318-319,  322 
Showmanship — 329-337,  357-360 
Shutter  assembly — 115-117 

Shutter  drive  gear   adjustment — 112-115,   116 
Shutter  timing— 51,  111-112,  113,  139 
Shutters,  fire — 53 
Shutters,  port — 19-23,  30-31 
Shutters,    projector— 29,    35,    38,    39,   41,    51, 

74-75,  79-83,   108,  314-317,  418-419 
Signs,  display— 342-345,  377-379,  396,  400 
Silver  screens — 305-306 
Skylights — 394 
Sliding  frame  tension — 118 
Sound  reproducer — 195-202,  233 
Sound    reproduction — 39,    195-202,    264-265, 

340,  436-438 
Sound  screens — 303,  308-310 
Sound  system  maintenance — 251-263,  339-340 
Sound  systems— 27,  41,  195-202,  203-214,  214- 

232,  233-243,  244-248,  249-250,  437 
Sound  tracks— 199-201,  436-437 
Speaker  networks — 233-241,   260 
Speakers— 215,  233-243,  244-248,  260 
Speakers,  monitor — 253-254 
Splice,  film— 141-145,  146-148,  319-320 
Sprocket  pad  rollers — 71 
Sprockets— 57,  60,  65,  71,  77,  124,  135,  141 
Stage— 272-275,  296,  340-341 
Stage  draperies — 373-376 
Stage  rigging — 397-398 
Stage  sets— 374-376,  397-393 
Stairways — 397 
Steel  stacks — 394 

Stereophonic   sound — 249,   436-438 
Strippers — 60 
Suprex  arc  lamps— 149-155,  155-156,  158 
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Suprex  carbons — 150-155,  155-156 
Switches — 24,    28,    30-31,    72,    116,    128,    141, 
175,  184,  186,  339,  343 


Trusses — 395 

Tubes — 256-258 

Two-way  loudspeaker  system — 233-24 


u 


Tables,  rewind — 300-301 

Take-up,    magazine — 29,    35,    95-97,    123-124, 

140-141 
Tar  roofs — 392 
Television— 423-429,  430-435 
Tension,  film — 52,  88-89 
Tension  shoe  removal — 136,  139 
Tension    shoes,    projector — 52,    61-62,    88-89, 

141 
Tension,  sliding  frame — 118 
Test  reels — 252 
Theatre  acoustics — 264-281,  282-286,  287-292, 

293-297,  366 
Theatre  maintenance — 341-345,  390-398 
Theatre  management — 329-337,  338-345,  345- 

347,  348-352,  353-356,  357-360 
Theatre  television — 423-429,  430-435 
Theatre    television    equipment — 427-428,    430- 

435 
Threading— 58-61,  109-110,  112-113,  129-130, 

198-199,  201 
Ticket  machines — 337,  400 
Tile  roofs — 393 

Timing  of  shutter — 111-112,  139 
Tin  roofs — 392-393 

Tracks,  removal  of — 52,   119-120,  137,   139 
Trailers — 345 
Transformers — 160-162,    171,    184,    186,    202, 

207,    212-214,    215-216,    422 
Travel   ghost — 83,   316-317 


Ushers— 337,  350-352,  353-356 


V 


V  belts — 192-194 

Vacuum  cleaners — 342 

Vacuum  tubes — 256,  258 

Ventilation,   arc  lamp — 17-19,   150,   156,   162, 

314 
Ventilation,   projection   room — 15-19,   30 
Ventilation,   projector— 49,   69 
Ventilation,  theatre — 380-382,  387,  394 
Viewing  angles — 303-304 
Voltage   amplifiers — 202,   206,  208,  213,   215- 

217 
Volts— 203-204 
Volume    control — 225 
Volume,  sound — 218-219 
Volume-units — 218 


w 


Wall  draperies— 372-373 

Watts— 203-204,  217 

White  screens — 305-306,  313 

Windows — 396-397,  400 

Wiring,  projection  room — 23-24,  27-28,  30,  32 

Wiring,  projector— 22-24,  47-49,  72,  128,  129 


